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ABSTRACT
Using the principles of experimental design, sediment 
samples were collected from each major depositional environment 
of the Modern Mississippi River delta. Palynofloral analysis 
of the samples yielded 361 palynomorph morphotype groups, of 
which 28 are classified as marine phytoplankton belonging to the 
Dinophyceae, 21 as cysts of undetermined origin, and 302 as 
miospores of the higher plants. These palynomorphs range in age 
from the Cambrian Period to the Holocene Epoch, and reflect the 
sediment source of the Mississippi River delta. Analysis of the 
data resulting from a count of 300 individuals per sample by means 
of a nested analysis (completely randomized design with hierarchial 
arrangement of treatments) procedure designed to determine which 
palynomorphs were environmentally significant in their distribution 
pattern reduced the number to 39 morphotypes. The orthogonal 
comparison procedure was used to locate the specific environments 
that controlled the distribution of each palynomorph.
The absolute abundance of palynomorphs (total number of 
palynomorphs per gram of sediment) was obtained for each sample 
using a modification of Kirkland's (1967) procedure. The data 
were analyzed using the same statistical procedures as for 
palynomorph distribution patterns to determine if: (a) differences 
could be detected among environments; and (b) which environments
ix
showed differences. Significant differences were found to exist 
but were not large enough to be clearly definitive of particular 
environments.
In order to determine the feasibility of using higher 
taxonomic groups as environmental indications, 7 groups were 
analyzed using the same statistical procedures as for individual 
palynomorphs. Of these 7 higher taxa groups, the distribution 
patterns of 6 groups were found to be environmentally controlled.
From the results of the total analysis of palynomorph 
distribution patterns, the following conclusions of geological 
importance are made: (1) running water is the principal trans­
porting medium; (2) marsh and bay palynomorph assemblages are 
characterized by greater absolute abundance and are dominated by 
one or two morphotypes suggesting that very little transportation 
and redistribution of palynomorphs has occurred; (3) channel, levee, 
and offshore palynomorph assemblages are characterized by lower 
absolute abundance and a diverse number of morphotypes suggesting 
that transportation tends to dilute and homogenize the distribution 
of palynomorphs; (4) certain recycled morphotypes can be used to 
determine the provenance of sediments; (5) the distance from shore­
line can be estimated from absolute abundance; and (6) certain 
miospores, whose distribution is not environmentally controlled, 
occur in sufficient quantities to be potentially useful in temporal 




Geologists, especially during the last two decades, have completed 
many lithostratigraphic investigations in order to accurately describe 
depositional environments in deltaic sequences. But using miospores 
as an additional tool or as the primary method to distinguish different 
depositional environments in modern deltas has received little attention, 
despite the fact that miospores are an autochtonous element in many of 
the environments. Only three deltas, the Orinoco (Muller, 1959), the 
Nile (Saad and Sami, 1967) and the Niger (Williams and Sargeant, 1967) 
have had their palynomorph distribution investigated to any extent.
Lesser studies on miospore distribution in deltaic sediment include 
Piel's (1965) report on the miospores present in selected marsh and bay 
sediments of the Mississippi River Delta; MacKay and Terasmae*s (1967) 
analyses of peat deposits in the MacKenzie River Delta, and Elsik's (in 
Frazier, 1967) ecological determinations based on miospores and diatoms, 
of peat deposits in older deltaic lobes of the Mississippi River.
The present palynological study of the Mississippi River delta 
sediments was undertaken to determine the feasibility of using miospore 
distributional patterns as a means of identifying different depositional 
environments in deltas. That is, are specific miospore associations 
related to specific physiographic environments of the Mississippi River
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delta. If there Is a correlation between miospore distributional patterns 
and depositional environments, then the distributional patterns can be 
used as a comparative check on lithostratigraphic analyses of ancient 
deltaic lobes or as a primary method of determining depositional 
environments when accurate lithostratigraphic determinations are 
difficult or nearly impossible to obtain; e.g., in areas where cores 
are either not available or unobtainable, or where the sediment has 
been disturbed and its characteristic physical features destroyed. 
Lithostratigraphic determinations of environments based on lithology, 
geometry of environment and rock units, and sedimentary structures, 
are well described in the literature, notably by Russell et al (1936), 
Russell and Russell (1939), Fisk (1954, 1955a, 1955b, and 1961), Fisk 
and McFarlen (1955), Fisk et al (1954), Van Lopik (1955), Kolb and Van 
Lopik (1966), Coleman and Gagliano (1964, 1965), Gould (1971), and 
numerous others. More detailed descriptions of the lithological 
components of the Mississippi River Delta are included later in the 
section dealing with the stratigraphic framework of the delta.
The present investigation used a statistical procedure to 
separate from the many forms recognized in the sediments, those 
palynomorphs which were environmentally controlled and which could be 
used to establish palynological (biostratigraphic) criteria for the 
recognition of different deltaic environments. It is believed the 
same statistical procedures (completely randomized design with a 
hierarchical arrangement of treatments) could be used to determine 
environmentally significant taxa in other modern deltas. The present 
study was limited to analysing only surface samples from the various 
Mississippi River delta environments.
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Based on the results obtained from the present study, future 
investigations should include miospore analyses of cores of at least 
one deltaic lobe in which the depositional environments have been 
interpreted by conventional lithostratigraphic analyses. This should 
allow the evaluation of differences due to time; e.g., vegetational 
changes or differential preservation of selected miospore forms; and 
also differences due to operator error; e.g., misplaced boundaries 
of lithostratigraphic intervals in gradational sequences.
The two terms palynomorph and miospore, frequently used in this 
report need definition. Palynomorph is a general term that includes 
all types of acid resistant microorganisms commonly occurring in 
palynological preparations; e.g., pollen, spores, acrltarchs, 
dinophycids, chitinozoa, etc. (Tschudy, 1961). Miospore is a more 
restrictive term that includes only the spores and spore-like bodies of 
the higher or true plants that are less than 200 microns in diameter; 
e.g., homospores, true microspores, small megaspores, and pollen grains 
(Guennel, 1952). For the statistical definitions a complete discussion 
of the completely randomized design with hierarchical arrangement of 
treatments used in this report is available in Li (1964) and/or Sokal 
and Rohlf (1969).
Chapter 2
Sedimentary Environments of the Modern Mississippi River Delta
At the present time, the modern Mississippi River delta is the
major site of detrital deposition in the Gulf of Mexico. It is the
youngest of several detrital lobes, each of which reflects the changing 
location of the Mississippi River outlet along the coast of Louisiana 
during the last 5000 years. Approximately 100 miles (160 km) downstream 
from New Orleans at Head of Passes, the main channel of the Mississippi 
River divides into three main distributaries: Pass A Loutre, South
Pass and Southwest Pass from east to west respectively (Figure 1). This 
branching of the major distributaries gives the modern Mississippi River 
delta its unique birdfoot pattern. This birdfoot delta is only the 
subaerial expression of a broad sediment platform built onto the floor 
of the Gulf of Mexico. According to Fisk et al.(1954, p. 80), this plat­
form covers approximately 700 square miles, creating a 50 mile wide 
protuberance across the continental shelf whose seaward terminus is 
considered to be near the 300 foot isoline (Figure 2).
Sediment Load and Sedimentary Environments of the Modem
Mississippi River Delta
The sediment load of the Mississippi River is predominantly 
silt and clay with a small amount of coarser particles. According to 
Fisk et al. (1954, p. 81), the average suspended load is composed
4
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Figure 1. Block diagram of Modern Mississippi River delta showing 
"birdfoot" pattern and sedimentary framework. (From Fisk and 
others, 1954).
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Figure 2. Physiographic features of south Louisiana and adjacent offshore area. (From 
Gould, 1971).
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of approximately 7 per cent fine to very fine sand, 38 per cent silt, 
and 55 per cent clay. Fisk et. al. (1954, p. 81) showed bedload content 
was highly variable depending on rate of discharge and location along 
the Mississippi River and its distributaries. In all samples except 
one, the dominant grain size was fine to very fine sand (62-100 percent) 
with smaller amounts of silt and clay sized particles. No particles 
coarser than fine sand were recorded. Fisk et al. (1954, p. 98) esti­
mated bedload was seven to ten per cent of the total sediment load of 
the Mississippi River,
The sediments are deposited either onshore within the deltaic 
plain environments, or offshore in the river mouth bars, delta front, 
and prodeltaic environments, The onshore environments include the 
distributary channels and their associated natural levees and marginal 
marshlands; and the interdistributary basins, which are minor topographic 
depressions lying between the slightly higher distributary levee systems. 
These basins contain interdistributary bays, lakes, and marshlands, and 
their waters range from fresh through brackish to marine. Figure 3 
shows the general configuration of the environments in the modern delta.
The birdfoot delta has built forward along the major distribu­
taries, As the river water reaches the Gulf of Mexico, the most active 
deposition occurs at the mouths of the distributaries. It is here in 
the distributary mouth bars that the majority of the sand and silt 
portions of the sediment load are deposited as the velocity of the 
Mississippi River is slowed by entering the Gulf (Scruton, 1955;
Shepard, 1956; Fisk, 1955; Fisk et al., 1954). The finer particles, 
fine silt and clay, are carried seaward in vast plumes of turbid, sediment 
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in front of the prograding delta as prodeltaic sediments (Scruton, 1955; 
Shepard, 1956; Fisk, 1955; and Fisk et al., 1954).
The distributary channels are fairly straight and of a constant 
width along their course except at the mouths. At the mouths the channel 
flares outward toward the position of the distributary mouth bar. Sedi­
ments deposited within the channel and upon the distributary mouth bars 
form elongated sand bodies as the distributary progrades across the 
underlying delta front and prodeltaic deposits. The elongated sand 
bodies created by channel elongation were called bar-finger sands by 
Fisk (Fisk et al., 1954; and Fisk, 1961). They obtain a length of 
15-20 miles (24-32 km) and are approximately 200 feet (61 meters) thick. 
The great thickness of these bars finger sands is achieved by compaction 
as well as the physical displacement of the underlying; less dense delta 
front and prodelta silts and clays. The displaced finer grain sediment 
is often pushed upwards into diapiric structures referred to as mud- 
lumps (Morgan, Coleman, and Gagliano, 1963). Figure 4 shows the geo­
metric relationship of these bar sands to the channels as well as the 
sediments of the adjacent environments.
Distributary natural levees are formed during flood stage, when 
the river tops its banks and deposits a part of its suspended load 
adjacent to the channel. Since the levees are formed as the channel 
lengthens its course, they are larger upstream and become progressively 
smaller downstream along the younger portion of the channel. According 
the Fisk et al. (1954, p. 83), the levees are up to 1000 feet (305 meters) 
wide and 5-6 feet (1.5-1.8 meters) high at Head of Passes and support 
a woody vegetation. Near the distributary mouth the levees are hardly 
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grass vegetation similar to that of the marsh.
The finer fraction of the river's sediment load is swept over 
the natural levees during flood stage into the shallow interdistributary 
basins. Marsh and numerous interconnected shallow bodies of open water 
variously called lakes, ponds, and bays are found in these depressions.
A portion of this overbank sediment may be trapped in the marsh along 
the levee margin while some is carried into the slightly deeper parts 
of the interdistributary basin. In the latter, the particles are 
further distributed by currents produced by tidal fluctuation, wind 
generated waves and floodstage discharge. In areas where the over­
bank flow is concentrated into small channels, localized currents may 
scour crevasses through the natural levees. In this way, the distri­
butary channel may be connected directly to the interdistributary basin. 
When this occurs, larger amounts of sediment are rapidly introduced 
and create fan-like small shallow water deposits generally called 
"splays" within the interdistributary depressions.
Sedimentological And Biological Characteristics of The
Sedimentary Environments
On the basis of particle size and distribution, sedimentary 
structures, and biota, the modern Mississippi River delta is divided 
into recognizable depositional environments (Fisk et al., 1954; and 
Coleman and Gagliano, 1965). These sedimentary environments are of 
primary concern, because the palynomorphs recovered during this study 
are transported and deposited as sedimentary particles. The distri­
bution patterns of the palynomorphs result from the sedimentary pro­
cesses operating in the depositional environments and thus this forms
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the framework on which the conclusions (Chapter 6) of this study are 
based.
The present section gives a brief summary of the characteristic 
features of each environment. Included in the discussion of the marsh 
and bay environments is a list of the dominant vegetational types growing 
in each. These lists plus the related palynomorph distribution patterns 
are the bases for many of the conclusions made in Chapter 6. The litho- 
logy, sedimentary structures, and biota summarized for each depositional 
environment also conventionally form the basis for distinguishing the 
depositional environments in cores taken through older deltaic lobes 
of the Mississippi River system.
The Offshore Environments
The principal depositional environments in the offshore region 
are the distributary mouth bar, delta front, and prodelta. These are 
associated with the mouth of each distributary channel where the sedi­
ment load is deposited due to the reduction of stream velocity as the 
current enters the Gulf of Mexico. The bedload and the coarsest part 
of the suspended load are deposited in the distributary mouth bar 
where the current velocity is rapidly reduced. In the present deltaic 
system, the coarsest sediment transported by the Mississippi River is 
fine to very fine sand (Scruton, 1955; Fisk et al. 1954). The finer-grain 
suspended load (silts and clays) are transported further seaward and 
deposited upon the delta front and prodelta environments (figure 5). 
Processes influencing the distributary mouth bar and delta front 
environments reflect the interaction of the fluviatile and marine 
systems. The total thickness of these offshore deposits is generally 
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Southwest Pass, Mississippi River delta. From Gould (1971)
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deposited as influenced by subsidence rates.
The Distributary Mouth Bar
The shoal area associated with the seaward terminus of a channel 
mouth is the distributary mouth bar (Coleman and Gagliano, 1965, p. 145) 
(Figures 3 and 5). Since the bedload and the coarsest portion of the 
suspended load are deposited in this area, the dominant lithology is a 
distinctive fine sand or silty sand. Reworking of this sediment by 
both currents and wind generated waves usually removes the finer fraction 
resulting in a well sorted "clean" sand at the crest of the bar (Fisk et 
al., 1954; Coleman and Gagliano, 1965; and Gould, 1971). The distributary 
mouth bar becomes finer grained towards the base where it grades into the 
silts and clays of the delta front environment. Intense current and 
wave activity are reflected by the abundance and magnitude of cross 
laminations, current ripples, erosional truncations, and scour and 
fill structures (Coleman and Gagliano, 1965).
Due to the high sedimentation rate, there is little or no 
biologic activity in this environment. Dominant biological constituents 
include large quantities of river derived wood and other plant 
debris and shells deposited by wave activity. Usually these particles 
are concentrated in very thin laminations interbedded with the silty 
sand of the lower portion of the bar. As the distributary builds 
seaward, the underlying organic rich clays of the lower part of the 
delta front, prodelta and shelf environments are rapidly buried and 
compacted by the weight of the distributary mouth bar and upper part 
of the delta front environment. As the organic material in the lower 
part of this sequence decays, it releases gases which migrate upward
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into the distributary mouth bar sediments. This creates gas-heave 
distorted laminations, which Coleman and Gagliano (1965, p. 145) 
recognized as a minor but diagnostic feature of the sediments of the 
distributary mouth bar environment.
The Delta Front Environment
The delta front is the relatively steeply sloping surface of the 
bar complex of a deltaic complex (Figures 3 and 5). Coleman and Gagliano 
(1965) have referred to this area as the distal bar. They report 
the slope of the depositional surface is steeper in comparison to most 
other deltaic environments, with slopes as high as' 0°45' at the mouths 
of the major distributaries (Coleman and Gagliano, 1965, p. 144).
Since the areal location of the environment is intermediate between 
the distributary mouth bar and prodelta environments, the delta front 
sediments grade laterally and vertically into the sediments of these 
environments. The sediments of the delta front environment are dis­
tinguishable from those of the prodelta environment by containing more 
silt size particles, and from the sediments of the distributary mouth 
bar environment by having a smaller grain size. The sedimentation 
rate in the delta front environment is greater than that of the prodelta 
environment, and lower than the sedimentation rate in the distributary 
mouth environment. In general, laminated silts and clays characterize 
the lithology of the delta front. The silt laminations are thicker 
shoreward, where the delta front grades into the distributary mouth 
bar, and the clay laminations are thicker seaward where they grade into 
the prodelta environment.
Current produced sedimentary structures such as scour and fill, 
cross laminations, current ripples and erosional truncations are common
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in the delta front environment, particularly in the shoreward portion. 
These sedimentary structures reflect the influence of current and wave 
processes on the sediment distribution in this environment.
The reduction of salinity by river water and nutrient laden 
currents make the delta front a favorable environment for burrowing 
mollusks (Coleman and Gagliano, 1965, p. 144). Gould (1971, p. 29) lists 
Mutinia lateralis (Say) and Nuculana eborea (Conrad) as characteristic 
mollusks of this environment in addition to the foraminifera: "Elphidium" 
gunteri Cole, "Streblus" beccaric (Cushman), and Buliminella 
morgani Andersen.
The Prodelta Environment
The area of fine-grained detrital sediment at the seaward edge 
of a prograding distributary system is referred to as the prodelta 
environment (Coleman and Gagliano, 1965, p. 143) (figure 5). Since it 
is transitional with the open marine continental shelf environment, it is 
sometimes difficult to delineate the sediments of the two environments. 
Although in some locations the sediment of the two environments can only 
be distinguished when the associated deltaic complex is known in either 
plan or vertical sequence, the prodeltaic clays are distinguished by the 
regular repetition of laminations (parallel and lenticular) and other 
sedimentary structures mentioned below (Coleman and Gagliano, 1965, 
p. 143). In the seaward (distal) portion of the prodeltaic environment, 
where the clays are more homogeneous and massive, the laminations are 
difficult to recognize without the aid of X-Ray radiography. In the 
shoreward (proximal) portion of the environment, where it is transitional 
with the delta front environment, the number of silty clay laminations
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increases. Thus the laminations are easily recognizable.
Current produced sedimentary structures such as small scale 
ripple marks and cross laminations are occasionally found in the proximal 
portion of the prodelta environment, indicating the presence of some 
currents in this area (Coleman and Gagliano, 1965). An abundant marine 
fauna (Table 1) composed predominately of benthonic forminifera and 
mollusks is usually associated with the distal portion of the environment 
(Shepard, 1956; Fisk et al., 1954). These organisms commonly produce 
discrete burrowed layers 0.4-2.2 inches (1-6 cm) thick (Coleman and 
Gagliano, 1965).
The Deltaic Plain Environments
The deltaic plain comprises the subaerial portion of the delta 
(figure 3). The depositional framework is established by the intricate 
network of distributaries and their associated natural levees (Gould, 
1971). The entire subaerial portion of the delta becomes a site of 
deposition during flood stage of the Mississippi River. As mentioned 
earlier the coarsest particles of the suspended load are deposited 
adjacent to the distributary channels forming the natural levees. The 
finer fraction is swept across the levees and is deposited in the 
shallow interdistributary basins. This sediment accumulation has 
kept pace with subsidence so that the marsh surface maintains a 
position close to mean sea level. This influx of fine grain clastic 
material and organic material produced in the marsh coupled with sub­
sidence is responsible for the thick accumulation of deltaic plain 
sediments on top of the offshore sediments as the delta progrades 
across the continental shelf (figure 1) (Fisk et al., 1954; and Gould, 
1971). The depositional environments of the deltaic, plain include
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Table 1. Common marine fauna of the Prodelta Environment.
Foraminifera
Bolivina lowmani Phleger and Parker 
Bigeneria irregularis Phleger and Parker 




























Data from Curtis (1954), Fisk et al. (1954), and Parker (1956).
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the distributary channel, natural levee, marsh and interdistributary 
bay.
The Distributary Channel Environment
The distributary channel is a natural flume which accommodates 
and directs part of the discharge and sediment load from the main or 
trunk stream (Coleman and Gagliano, 1965, p. 145). In the Mississippi 
River delta, the main distributary channels are straight, with a uniform 
width from the trifurcation of the main stream (Head of Passes) to the 
mouth. At the mouth, the channels flare out as the current enters the 
Gulf of Mexico. The channels are 40-50 feet (13.2-15.2 m) at Head of 
Passes and gradually shoal to 5-15 feet (1.5-4.6 m) as they pass over 
the distributary mouth bar. This shoal area results from the decrease 
in velocity of the river water as the channel widens. Thus the channel 
grades laterally seaward into the distributary mouth bar.
The sediments deposited in the channel reflect the fine to very 
fine sand size particles of the bedload. In a vertical sequence this 
dominantly sand sequence is interupted by thin layers of sandy silts and 
silty clay, which are probably deposited during low-water stage. Com­
paction, channel shift, or subsidence preserves these fine grain layers 
from subsequent erosion during flooding (Coleman and Gagliano, 1965). 
Also clay inclusions in the sand layers are common, and are formed by 
gravity slumping of the banks during low-water stage, or as remnants 
of eroded clay layers (Coleman and Gagliano, 1965).
High energy current processes in the channel are reflected by 
the abundance of cross-laminations, current-ripple laminations, scour 
and fill, and erosional truncation sedimentary structures (Coleman 
and Gagliano, 1965, p. 145). These structures are usually unidirectional
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throughout the length of the channel, because the distributary channels 
are so straight. However, near the mouth where the channel widens and 
shoals, the sedimentary structures become multidirectional reflecting 
the varying current direction in this area (Coleman and Gagliano, 1965).
Due to the high energy current processes and abundant sediment, 
few organisms are found in the channel environment. Thus, the channel 
sands are generally unfossiliferous.
The Natural Levee Environment
The subaerial natural levee is the area of slightly higher 
elevation bordering the distributary channel. It is formed by the 
deposition of the coarsest sediments carried in suspension by flood 
waters during overbank flow. The height and width of the levee are 
functions of the volume, stream capacity, and stage variation of the 
depositing stream (Kolb and Van Lopik, 1966, p. 29). Because the 
sedimentation rate on the levee is greater at and immediately adjacent 
to the crest, the levee has its greatest height and thickness in this 
region and these decrease rapidly away from the crest. The dominant 
lithology of the Mississippi River levees is silt and clay with some 
fine sand near the crests. Due to the slightly higher elevation and 
firmness of the sediment, woody plants are commonly found growing on 
the levee. Since the vegetation growing on the levees is highly 
variable from one location to another depending on the levee's size 
and elevation a comprehensive list is not included here.
Extensive plant boring and animal burrowing are common in levee 
deposits and sometimes destroy the sedimentary structures. Wavy 
laminations presumably caused by interference of grass roots and other 
obstructions during sediment deposition are diagnostic of the levee
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environment (Coleman and Gagliano, 1965, p. 146). Calcareous and
ferruginous nodules, formed by oxidative processes during subaerial
exposure, are common and characterize the sediments of the levee
environment (Coleman and Gagliano, 1965, p. 146).
The Marsh Environment
Low-lying, essentially flat expanses of periodically inundated 
tracts of land occurring between distributary systems and supporting 
non-woody grasses, sedges, reeds and rushes (Table 2) are referred to as 
marshes (Kolb and Van Lopik, 1966). The marsh usually has a high and 
non-variable water table. Within the Mississippi River delta, the sur­
face of the marsh closely approximates the mean high tide level. The 
marsh is complexly intersected with drainage channels which join ponds, 
lakes and bays.
The abundance of plant life and the proximity of the water 
table, which reduces the normal subaerial oxidation makes the marsh 
environment ideal for the accumulation and preservation of plant 
material. Thus in general the sediments have a high organic content, 
and are classified as peats, organic oozes, or organic muds (Kolb and 
Van Lopik, 1966). In a vertical sequence these organic-rich deposits 
are often interpreted periodically by fine grain clastic particles.
This inorganic sedimentation is introduced into the marsh environment 
by (1) normal tidal fluctuations in the channels that intersect the 
marsh; (2) floods; and (3) wind and hurricane tides that drive water 
in and out of the marsh (Kolb and Van Lopik, 1966, p. 40). The marsh 
sediments grade laterally into levee and bay-type bottom sediments.
Chabreck, Joanen, and Palmisano (1968) recognized four distinct
Table 2. Marsh Vegetation of the Modern Mississippi River Delta.
Alternanthera philoxeroides (Martius) Grisebach 
Bacopa monnieri (Linnaeus) Pennel)
Cyperus odoratus* Linnaeus 
Distichlis spicata (Linnaeus) Greene 
Eehinochloa walteri* (Pursh) Heller 
Eichornia crasspes (Martius) Solms 
Eleocharia parvula* (Roemer and Schultes) Link 
Eleocharia sp.*
Hydrocotyle sp.
Juncus roemerianus* Scheele 
Lemna minor Linnaeus 
Panicum hemitomon Schultes 
Panicum repens Linnaeus 
Philoxerus vermicularis*
Phragmites communis Trinius
Pluchea camphorata (Linnaeus) de Candolle
Sagittaria flacta Pursh 
Sagittaria platyphylla Engelm 
Saururus cernuus Linnaeus 
Scirpus americanus Persoon 
Scirpus olneyi* Gray 
Scirpus robustus Pursh 
Scirpus vilidus* Vahl 
Solidago sp.*
Spartina alterniflora Loisel 
Spartina cynosuroides* (Linnaeus) Roth 
Spartina patens (Aiton) Muhl 
Spirodela polyrhiza* (Linnaeus) Schleid 
Typha angultifolia* Linnaeus
Data taken from Chabreck and Palmisano (1972) with the authors permission.
Note: *Species that comprise less than one percent of the total vegetative cover.
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marsh types (fresh, intermediate, brackish, and saline) based on the 
salinity of the water in the marsh. Since various plant species have 
different tolerances to salinity, each marsh type has its own character­
istic flora (Table 3). The vegetative map of Chabreck, Joanen, and 
Palmisano (1968) (Figure 6) indicates the dominant marsh types in the 
modern Mississippi River delta are fresh and intermediate. These 
marsh types reflect the vast amount of fresh water introduced into the 
area by the Mississippi River. In the fresh water marsh, a floating 
vegetative mat is commonly found. Either mixed with the emergent and 
submergent aquatic plants of this mat or below it is a particle laden 
layer referred to as "mucky1' floating material by Kolb and Van Lopik 
(1966, p. 40). Below the "mucky" layer is an ooze or organic clay.
Since marsh sediments are predominantly the accumulation of 
organic material under relatively stagnant, chemically reducing con­
ditions, the organic-rich deposits are usually thick bedded. Burrowing 
primarily by fiddler crabs, crayfish, and occasionally larger animals 
is a common feature in organic-rich sediments.
The Interdistributary Bay Environment
Open bodies of water within the prograding portion of the delta, 
which may be completely surrounded by marsh or natural levees, but which 
are more often partially open to the sea or connected to it by tidal 
channels are included in the interdistributary bay environment (Coleman 
and Gagliano, 1965, p. 146). This is a shallow water environment with 
water depths usually less than 12 feet (3.6 meters) (Coleman and Gagliano, 
1965). Kolb and Van Lopik (1966) and Piel (1965) considered those bays 
completely enclosed by marsh and levees as lakes. Used in this study is
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Table 3. Typical Vegetation of Louisiana Coastal Marshes according 
to Chabreck, Joanen, and Palmisano, (1968).
SALINE MARSHES
Spartina alterniflora Loisel 
Salicomia sp.
Juncus roemerianus Scheele 
Batis maritima Linnaeus 
Avicennia germlnuns Jacquin 
Distichlis spicata (Linnaeus) Greene
BRACKISH MARSHES (moderate salinity)
Spartina patens (Alton) Muhl 
Scirpus olneyi Gray 
Scirpus robustus Pursh 
Ruppia maritima Linnaeus
INTERMEDIATE MARSHES (low salinity)
Spartina patens (Alton) Muhl 
Sagitteria sp.
Vigna repens (Llnneaus) Kuntze 
Echinochloa waiter! (Pursh) Heller 
Scirpus califorhicus (Meyer) Britton 
Mariscus lamalcense (Crantz) Britton
FRESH MARSHES
Panicum hemitomon Schultes 
Hydrocotyl sp.
Eichornia crassipes (Martius) Solms 
Pontederia cordata Linnaeus
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FRESH MARSHES
INTERMEDIATE MARSHES (low salinity) 
BRACKISH MARSHES (moderate salinity) 
SALINE MARSHES
Figure 6. Marsh types of the modern Mississippi River delta. 
From Chabreck, Joanen, and Palmisano, 1968.
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Coleman and Gagliano's (1965) concept that lakes are restricted to the 
deltaic plain (Figure 2) and upper portion of the delta (figure 3). 
Although lakes may merge with the interdistributary bay environment, 
herein open bodies of water in the prograding portion of the delta are 
considered as interdistributary bays.
The sediments associated with bays are commonly organic rich 
clays and silty clays, but coarser elastics derived from floods, 
crevasses, and or storm activity are present. In those bays with 
coarser particles, parallel or lenticular laminations of coarse par­
ticles formed by reworking and concentration by wave activity are 
common sedimentologic features. Since bays enlarge in size by wave 
activity destroying the adjacent marsh, plant debris is a common 
constituent of the bay sediments. The presence of current activity 
during deposition in some bays is indicated by the presence of current 
ripple marks, cross-laminations, and scour and fill structures. These 
structures are probably formed by tidal currents and overbank flow 
during floods (Coleman and Gagliano, 1966, p. 146) The splay sediments 
associated with crevasses generally consist of cross-laminated sandy 
silts interbedded with clayey silts (Fisk et al., 1954).
A profuse brackish to marine molluscan fauna is found in many 
bays. Fisk et al. (1954) and Gould (1971) list Crassostrea virginica 
(Gmelin), Littoridina sphinctosoma Abbott and Ladd, Rangia cunneata 
(Gray), Mulinia sp., and Mytilus sp. as the principal mollusca charac­
teristic of bays. Shell remains and abundant burrows are found in many 
cores of bay sediments (Coleman and Gagliano (1965, p. 146). Table 4 
lists the plants that are found growing in the water or in very shallow 
zones along the bay margins.
27
Table 4. Vegetation in Interdistributary Bays of the Modern 
Mississippi River Delta.
Althernanthera philoxeroides (Martius) Grisebach
Eichomia crassipes (Martius) Solms






Spirodela polyrhiza (Linnaeus) Schleid
Data from Chabreck and Palmisano (1972) with author's permission.
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Geographic Distribution of Sample Locations
Within the Mississippi River Delta
Two samples were taken from each of seven locations within each 
of the seven previously described depositional environments of the 
Mississippi River delta (see Chapter 4 for sampling procedures). The 
sample locations are described in Appendix D and shown on Figure 7.
With the exception of two locations in the prodelta environment seaward 
of Southwest Pass, the samples are confined to the eastern half of the 
delta.
The channel samples were taken in Southeast, Northeast, and 
Raphael Passes. These distributaries were selected because of their 
relatively low current velocities, enabling better sample recovery with 
the Peterson dredge. The sediments from these channels were silty sands 
and sandy silts. Thus these sediments were probably slightly finer 
grained than sediments of the major distributaries. However, the 
transporting and depositional processes occurring in these distributaries 
are the same as in the major distributary channels of the delta.
Four of the marsh locations and all of the bays sampled in this 
study were confined to the Garden Island subdelta complex (Coleman and 
Gagliano, 1964) situated between South and Southeast Passes. Two 
marsh sample sites were located in the Cubit's Gap subdelta complex 
(Coleman and Gagliano, 1964). The dominant vegetation in these six 
locations was either Alternanthera philoxeroides or Phragmites communis. 
The remaining marsh location, in which the dominant vegetation was 
Sagittaria, was located east of Southeast Pass. Five of the bays 
sampled were connected to distributary channels by crevasses. Although 
splay sediments were present in these areas, the author attempted to
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Figure 7. Location map showing sample distribution. Detailed location 
information is included in Appendix D. Base map is U. S. Coast and 
Geodetic Survey no. 1272.
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obtain samples away from the crevasses and associated splays. This 
procedure was followed so that the bay environment was sampled rather 
than the splay. Also, the direct effect of currents associated with 
the crevasses was minimized. The dominant transportational and 
depositional processes were related to tidal currents, wave activity 
and floods in addition to the currents associated with crevasses. The 
remaining bay samples were taken along the shallow margin of Garden 
Island Bay. Since this latter area was directly connected to the 
Gulf of Mexico, the depositional processes were partially controlled 
by waves and currents originating in the Gulf. Although the majority 
of marsh and bay samples were restricted to a subdeltaic complex,
Coleman and Gagliano1s (1964) concept that subdeltas are small scale 
deltas and can be used as models of larger deltaic complexes was used. 
Thus the palynomorph distribution patterns would be the same in all 
marshes.
The natural levees along Pass A Loutre, Southeast and Raphael 
Passes were sampled. Various grass types with scattered Salix and 
Baccharis bushes were the dominant vegetation in the areas immediately 
surrounding the sample locations.
With the exception of two sites in the prodelta environment 
seaward of Southwest Pass, the distributary mouth bar, delta front and 
remaining five prodelta were taken seaward of South Pass. The processes 
occurring in these environments have been described earlier in this 
section.
Since only the top four inches of each core was used in this 
study (Chapter 4), the amount of time represneted in the samples differs 
from one environment to another. This reflects the difference in
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sedimentation rates within each environment. Thus the amount of channel 
sediment used in this study probably represents one year's accumulation, 
whereas the same amount of bay or marsh sediment represents several 
years accumulation. However, since each environment is characterized 
by the sum of all processes operating within the environment, this 
problem was not considered important in this investigation.
Although individual deltas seem unique; e.g., overall shape, 
maximum grain size and grain size distributions vary from one delta 
to another, the study of the depositional processes and their associated 
sedimentary responses in one maritime delta can be used in a general 
manner in the understanding of the formation of all maritime deltas 
(Frazier, 1967). By studying the sources of variation in the distri­
bution of palynomorphs (Chapter 3) and relating these to depositional 
environments, one can draw conclusions (Chapter 6) concerning the 
palynomorph distribution patterns (Chapter 5) observed in this 
investigation.
Chapter 3
Sources of Variation Influencing Miospore Distribution in 
the Mississippi River Delta
Sources of variation in palynological research are divided into 
two major categories in this report: (1) "analytical factors"; e.g,, 
sample collecting procedures, laboratory contamination, and slide 
preparation procedures; and (2) "natural factors"; i.e., those factors 
in the physical environment which control the distribution of miospores. 
The first section is a summary of the "analytical factors" the author 
recognized during this study and the procedures he used to reduce these
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sources of variation. For a more complete discussion of the factors 
which cause sample unreliability and the procedures that can be used to 
recognize and avoid unreliable samples, the reader is referred to 
Funkhouser (1969).
Sources of Variation in Sample Collection
Since the samples used in this investigation were cored surface 
samples of unconsolidated sediments, the most common source of contamin­
ation that could occur was presumed to be the adherence of miospores to 
the walls of the coring tube. To reduce this contamination, the outer 
layer of each core was removed and only the central uncontaminated portion 
was used in this study. To avoid the introduction of airborne miospores 
after collection and the possibility of sediment mixing during transport, 
each sample was placed in a plastic bag and sealed.
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Sources of Variation in Laboratory Procedures
The most common contamination in the laboratory is usually from 
dirty glassware through the adherence of palynomorphs. Therefore, after 
use each piece of glassware was washed and scrubbed in a commerical labo­
ratory cleaning agent (Alcojet). After rinsing in tap water, each piece 
was thoroughly rinsed in distilled water in order to remove any 
palynomorph that might be in the municipal water supply. To reduce the 
possibility of contamination by dust in the laboratory, each piece of 
laboratory ware was thoroughly rinsed in distilled water before a sample 
was placed in it. Each pipette used in obtaining the palynomorph residue 
for microscope slides was thoroughly rinsed in water, then placed in an 
oxidizing solution (concentrate nitric acid and potassium chlorate) for 
a minimum of three days in order to destroy those palynomorphs which 
adhered to the inside of the pipettes. The laboratory itself was 
designed to reduce airborne contamination by having sealed windows, a 
self contained air conditioning system, and being under slight pressure 
so that when the door opened air would be forced outward. Thus laboratory 
contamination of the samples was reduced to a minimum if not eliminated.
Sources of Variation in Slide Preparation Procedure
The random distribution of palynomorphs on microscope slides 
has been investigated by Brookes and Thomas (1967). They noted that 
palynomorphs tended to migrate to the peripheral area of the coverslip 
during slide preparation using glycerine jelly as a mounting medium.
They suggested that the clumping was due to either sample preparation 
or differential movement of different size miospores when the coverslip 
was applied to the soft mounting medium. Since all their samples were 
prepared in the same manner, differences due to varying processing
34
procedures were eliminated, thus indicating that the nonrandomness was 
introduced by improper slide-making techniques.
Brookes and Thomas (1967) suggested that a counting system be 
devised to minimize the nonrandom distribution of palynomorphs on 
slides. To the author's knowledge a perfect counting technique has 
not been developed short of counting all specimens, which was impractical 
in this study. However, Wilson (1959) described a slide making techinque 
that would minimize the clumping effect of miospores on slides. This 
technique involved the thorough mixing of a water-miscible mounting 
medium (Clearcol) with the palynomorph residue on a coverslip. This 
mixture was then spread evenly across the coverslip to the margins.
After air drying in a warm oven ('''40°C) for twenty minutes, the coverslip 
was inverted and adhered to the microscope slide by a suitable adhesive. 
The advantages of this method are two fold: (1) the miospore residue is 
uniformly dispensed on the coverslip; and (2) the miospores are all on 
the same plane thus making data collection easier because there is no 
need to focus up and down through the mounting medium to locate 
individual miospore specimens. Since Wilson's (1959) slide making pro­
cedure was used in this investigation, it is believed that the miospores 
were randomly distributed on each coverslip.
Christopher (1971) noted that the relative abundance of most 
miospore taxa varied greater between slides within a sample than between 
samples in a core or between cores. This suggested that there was incon­
sistency in slide preparation, particularly in drawing aliquots of 
palynomorph residue and placing them on coverslips. He reduced this 
source of variation by drawing the aliquot while vigorously stirring the 
residue with a magnetic stirring device. Since Christopher's study was
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completed after the slides had been prepared for this investigation, no 
attempt was made to determine the amount of variation between slides 
within a sample in this study.
In order to explain some of the interpretations later, one needs 
to consider the factors that could possibly affect the distribution of 
miospores in the sediments of the Mississippi River delta. Until recent­
ly there was little available literature on this subject, as most palyn- 
ologists based their conclusions on assumptions whose validity had not 
always been verified. Christopher and Hart (1971) discussed the problem 
of variation in palynological research with a mathematical model. For 
the Mississippi River delta study the sources of variation influencing 
miospore distribution are grouped into three main areas: (1) those 
factors acting at the site of miospore production; (2) those factors 
acting during transportation and deposition; and (3) those factors 
acting after deposition of the miospores.
Variation at Site of Miospore Production
These factors are related to the various ecological requirements
of the miospore producing plants including changes in climate, plant 
communities in or near the depositional basin, and local weather con­
ditions.
The regional climate to a large extent determines the plant types 
living in broad general areas. Although the Mississippi River delta is 
located in a sub-tropical climate, many types of miospores are produced 
in a cooler more temperate climate further northward in the drainage 
basin. Therefore, one can not use the microfloral content of the delta 
sediments to draw gross climatic conclusions. However, when miospores 
are considered as sedimentary particles, those miospores produced In
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the cooler more temperate part of the drainage basin may be restricted 
to certain deposition environments within the delta.
The local plant communities within the delta are each dependent 
upon the ecological requirements of the individual species. Requirements 
such as edaphic factors, topography, salinity, etc. (Penfound and Hatha­
way, 1938) control the occurrence of not only the terrestrial flora, but 
also the submergent and emergent aquatics, and the floating aquatics.
Each community contributes a distinctive miospore assemblage to the local 
depositional basin. This was demonstrated in the various marsh samples 
in this study. The sediment of one marsh is characterized by Sagittaria 
miospores, while the sediment of another marsh is characterized by grass 
miospores. In spite of this difference, the marsh sediments are 
characterized by the predominance of only one miospore type. It is a 
general characteristic that the miospores in a local depositional basin 
closely reflect the plant community living in or near the depositional 
site, but this is modified by the physical processes active at the 
depositional site.
Another factor to be considered is that certain plants may 
produce either more miospores per plant or fewer miospores per plant, 
than other plant groups (Erdtman, 1968; Hansen, 1949). This is why it 
is difficult if not impossible to use miospores to determine the 
abundance of parent plants in the original community; i.e., they are 
biased by over-or under-representation. This is an important variable 
when one attempts to reconstruction the past vegetation in an area 
based on miospores in sediments. Dr. C. A. Brown (personal conver­
sation) stated that in general the aquatic plants are under producers 
of miospores. However, in general, little Is known about the mLospore
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production of plants in southern Louisiana.
Although most plant groups produce miospores in the spring or 
early summer, some groups such as Witch Hazel (Hamamelis virginiana) 
and many members of the Compositae and Gramineae (Grass) families flower 
in the late summer or fall of the year. Thus seasonal differences in 
miospore assemblages depending on the time sediment samples where 
obtained may occur. Davis (1967) described seasonal fluctuations in 
miospore production due to local weather conditions. She suggested
that exceptionally wet or dry periods or extreme temperature changes 
might affect the vigor of flowering and thus miospore production in an 
area. Because a four inch deep sample was taken in the present study 
and it was thoroughly mixed before maceration, the fluctuations due to 
seasonal miospore production were minimized. Also, Groot (1966) noted 
that minor changes in miospore assemblages are eliminated by reworking 
(see later paragraph).
Variation due to Transportation and Deposition
Once thrown out into the atmosphere, miospores are sedimentary 
particles of organic composition and are subject to the same processes 
that govern the distribution of inorganic detrital particles; e.g., 
mode of transport, distance travelled, intensity and turbulence of the 
transporting medium. Air and running water are the two primary trans­
porting media of miospores. Although Erdtman (1943, p. 188), mentioned 
pine collected from the atmosphere over the northern Atlantic Ocean 
1000 km from the nearest land mass, most studies (Buell, 1947; Muller 
1959; Groot, 1966; Stanley 1965b; Cross, Thompson and Zeitzell, 1966; 
and Davey, 1971) suggest that most miospores are distributed in an 
aqueous medium after only a very short transportation period in air.
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Carroll (1943) and Janssen (1966) Indicated for their material that 
species occurring in small percentages in miospore assemblages had been 
transported for long distances. However, a general definitive statement 
of this sort is untenable. It should be noted that the distribution of 
miospore particularly Carya (hickory, pecan) and Pinus (pine) noted 
in this study support an aqueous transporting medium as an abundance of 
parent trees are at least 100 miles (160 km) from the delta.
As with inorganic detrital particles, the deposition of miospores 
depends on the hydraulic equivalence of the miospore and the intensity 
of the transporting medium. Although Erdtman (1971) lists the weight 
and specific gravity of a few selected miospore types, little quanti­
tative data has been published on this topic. Groot (1966) noted the 
majority of miospores in his study, of the suspended sediments of the 
Delaware River estuary, were concentrated along with the "clayey silt 
and silty clay" sized particles. Since miospores are usually associated 
with the fine-grained sediments on the ocean bottom (Stanley 1965b;
Davey 1971), it is concluded by most palynologists that miospores behave 
sedimentologically as fine silt and/or clay size particles. Christopher 
(1971) reported a relationship between selected miospore species and 
grain size distribution (median grain size and sorting coefficient) of 
lithologic units "suggesting an optimum range of grain/sizes for use 
in palynological investigations." Clearly the deposition of miospores 
is governed at least in part by the intensity of the transporting 
medium.
Hopkins (1950) devised a series of experiments to determine the 
differences in flotation and rates of deposition between coniferous
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(bladdered forms) and deciduous (non-bladdered forms) miospores. His 
results indicated the majority of forms with bladders floated while 
the majority of non-bladdered forms tended to sink. The rate of 
settling was "species specific." In the bladdered forms, the settling 
rate was related to bladder size, in that the smaller bladdered forms 
were the first to settle out of suspension. He could not determine 
whether this was due to structural defects in the sac allowing water 
to replace air or the fact that the bladders were not large enough to 
support the miospore. In those bladdered forms which sank, water had 
replaced air in at least one of the sacs. However, Hopkins did not 
determine the exact cause for this phenomenon.
Tschudy (1969, p. 83) stated that because of their small size 
and the fact that inorganic particles of sand size less than 750 u in 
diameter cannot be abraded in water, miospores are not abraded during 
transportation. However, in the present study some samples were noted 
to contain more broken and partially broken miospores particularly the 
isolated bladders of Pinus (pine), than other samples. The fragmented 
miospores seemed to be restricted to the environments in which strong 
currents were predominant such as the channel, levee and distributary 
mouth bar environments. This suggested the intensity (velocity and 
turbulence) of the transporting medium affected the preservation of 
selected miospore types.
Since most stratigraphic palynologist are concerned with 
correlation, rather than detailed environmental studies, they are 
primarily interested in the regional flora. The regional flora is 
also important in paleoecological studies particularly to palynologists 
attempting to reconstruct climatic events during the Pleistocene Epoch.
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In order to evaluate the distribution of miospores from the regional 
flora, Janssen (1966), Davis (1967) and Davis, Brewster and Sutherland 
(1969) investigated the factors affecting the deposition of regional 
flora miospores in various depositional basins. Among the physical 
characteristics of depositional basins, only size and depth have been 
extensively investigated.
Janssen (1966) reported that samples from large lakes in 
northern Minnesota reflected a broader regional flora source; i.e., 
miospores were derived from long distances. Samples from smaller 
lakes reflected a localized source of miospores.
The over representation of the local vegetation in small lakes 
was reported by Davis, Brewster, and Sutherland (1969). In their study 
of six lakes in Wisconsin, they noted that deep and shallow water samples 
were more homogeneous within themselves than the entire group of samples 
from any one lake. The correlation between sample depths and the 
departure from the mean pollen spectrum led them to conclude that an 
undefined process was operating in the shallow portions. This process 
caused the pollen spectrum of shallow water to deviate significantly 
from the mean miospore spectrum of the lake.
Davis (1967) studied the rate of accumulation of miospores in 
sediment traps two meters above the bottom of three New England lakes 
of different sizes. She found the yearly accumulation of miospores per 
unit area over a two year period was inversely proportional to the size 
of the lake. She explained these differences by the input of pollen 
from the atmosphere; i.e., the majority of miospores deposited on the 
lake surface originated in the vegetation within a few kilometers of the 
lake being blown through or just above the vegetation growing on the 
shore of the lake, rather than coming from a vertical miospore rain
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from higher air masses. This conclusion was based on fact that the 
number of miospores deposited on the lake surface was inversely pro­
portional to the distance from the shoreline. Thus there are fewer 
miospores per unit area in the center of the large lakes than small 
lakes, and the amount of miospores deposited on the lake bottom as a 
whole will not increase in proportion to lake size. She further
postulated if homogeneous mixing of the miospores and lake water is 
achieved prior to deposition, then the amount of miospores deposited 
per unit area, during a given time interval, would decrease with an 
increase in the size of the depositional basin. No attempt was made 
in her investigation to study the effect of miospore distribution by 
streams entering the lakes.
Miospore distribution within the depositional basin is controlled 
primarily by the same processes operative in transportation such as 
current direction, current velocity, turbulence and rate of sedimentation. 
Since most flow in running water is turbulent, its effect on miospore 
distribution is an important variable to consider. Unfortunately, there 
are no quantitative investigations concerning this variable, although 
Jekhowsky (1963) suggested turbulence may be responsible for some 
differences between playnological assemblages by affecting the relative 
concentration of organic and inorganic sedimentary particles; e.g., the 
absolute abundance of miospore per unit weight or volume.
No attempt has been made in the present study to isolate the 
various variables affecting the distribution of miospore due to deposi­
tional processes within the Mississippi River delta. However, during 
the course of this investigation, several variables requiring further 
study in order to make future interpretations more meaningful have been 
noted. These are discussed later in Chapter 6.
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Variation after Deposition
The sources of variation affecting miospore distribution after 
deposition in a sedimentary environment are grouped into three main 
categories: (1) biological activity; (2) chemical environment; and 
(3) reworking and recycling.
Variation caused by biological activity occurs by either burrow­
ing organisms or by bacterial and/or fungal corrosion and degradation. 
Burrowing organisms not only destroy the record of individual depositional 
events by vertically mixing the sediment but in addition may physically 
break or destroy selective miospore forms during ingestation of the 
sediment. Vertical mixing helps offset minor fluctuations in miospore 
distribution, caused by factors at either the site of miospore production 
or during transportation and deposition. Since a four inch deep sedi­
ment sample was taken and thoroughly mixed before chemical maceration, 
vertical mixing by very shallow burrowing organisms would not affect the 
results of this study. However, vertical mixing destroys the temporal 
deposition pattern and thus obscures the changes in miospore distribution 
occurring through time. Since changes in distribution patterns due to 
time were not a part of this study, this effect of burrowing organisms 
was not considered important in the study, although the effect of deep 
burrowing organisms can not be ignored. Although Nichols (1967) 
suggested organisms may physically affect certain miospore types, there 
have not been any detailed investigations into this area. The effect 
of burrowing organisms on palynological assemblages has not been deter­
mined in the Mississippi River delta.
Bacterial and/or fungal degradation has been reported by numerous 
authors, but in regard to geological interpretations the literature is
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small and the most notable works are by Goldstein (1960), Moore,
(1963), Elsik (1966a, 1966b) and Sangster and Dale (1961, 1964). 
Goldstein (1960) in studying the affect of Phytomycetes on miospores
reported only four genera of chytridiacea as having any affect on the 
decomposition of miospores. These fungi were primarily involved in 
destroying the protoplasm of the cell contents rather than the miospore 
wall, although they appeared to digest rather than puncture the wall
in getting to the cell contents. Of the miospore types used in Gold­
stein’s study, coniferous miospores appeared to be more susceptable to
decomposition by the chytrids than those from other plant groups. Since
many miospores showed multiple infections, Goldstein (1960, p. 544)
suggested that these fungi weakened the miospore wall, preparing it
for decomposition by other biological agents and physical factors.
Elsik (1966a) reported three distinct types of systematic and
corrosional patterns on the exine of various morphological types of
miospores. These patterns were attributed to the enzymatic activity
of fungi. He noted the patterns were more abundant on the laevigate
miospores than any other morphological type, suggesting certain
morphological miospore types may be preferentially destroyed.
Moore (1963) described microbiological attach on Carboniferous 
miospores of various morphological types. He noted no organizational
pattern or distribution of attack, but rather the attack depended upon
the ornamentation or structural features of the miospores. He further
noted that the major structural features were important in controlling
the organizational attack often resulting in a modification of the
structural feature by its partial or complete destruction. Thus for a
given morphological type, the distribution of attack was selection and
repeated from one specimen to another. This latter effect was also
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reported by Elsik (1966b) on the arci of Alnus miospores of Tertiary 
age.
Sangster and Dale (1961; 1964) in their various experiments on 
miospore destruction noted the phenomenon of certain mispore groups 
being selectively removed by bacterial degradation. In conjunction 
with their studies, Sangster and Dale reported that the chemical 
environment of the sediment in which miospores were deposited was 
responsible for selective decomposition and/or alteration of the 
exine of certain miospore groups. That is, the exine of several 
miospore groups were highly altered or corroded in one set of conditions 
but not in another. However, they did not discuss in detail the pro­
cesses or nature of the decomposition of the miospores. Therefore, 
it is difficult to separate the effects due solely to microbiological 
activity or to chemical processes within the environment. Havinga
(1964) noted the more highly oxidized the miospore wall, the more 
rapidly it was decayed by subsequent microbial attack.
Havinga (1967) divided the factors affecting the preservation 
of miospores into two groups: (1) external factors such as microbial 
attack, oxidation, mechanical forces, and high temperature; and (2) 
internal factors such as sporopollenin content, and the physical and 
chemical composition of the miospore wall. He described the preser­
vation of twenty miospore species in relation to the chemical envir­
onment of the sediment and processes of soil formation.
That certain miospores may be preferentially removed from the 
Mississippi River delta by either bacterial or chemical processes is 
not denied in this report. However, these processes are only really 
significant in studies that attempt to describe or reconstruct the
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total vegetation of an area. Since this study was concerned with 
determining those miospores remaining in the sediment for use in 
identifying specific environments, chemical or bacterial alterations 
do not become important sources of variation in the distribution of 
miospores in the Mississippi River delta.
One of the more basic problems encountered by palynologists 
in stratigraphic analyses concerns the identification of miospores 
that have been recycled; i.e., those miospores eroded from lithified
rocks, transported and redeposited in younger sediments. To distin-. 
guish recycled palynomorphs, Wilson (1964) recognized four criteria 
based on palynomorphs: (1) that are of different geological ages;
(2) that react differently to biological stains; (3) that exhibit 
differential preservations; and (4) that are of marine origin, but 
are contained in rocks which were deposited in fresh water. Stanley 
(1966) used differential preservation and staining as criteria for 
recognizing recycled palynomorphs. The problem of identification of 
recycled miospores is very subjective, relying on the investigator's 
experience to recognize these forms, with very little quantitative 
data available. In this study only those palynomorphs which were 
definitely recycled; e.g., marine forms that were found in nonmarine 
sediments or older forms known to be restricted to parts of the 
Paleozoic, Mesozoic and Cenozoic Eras were considered as recycled.
It was impossible to differentiate recycled Pleistocene miospores 
from Holocene miospores because of similarity of morphological types 
and staining differences between the two ages were too subjective to 
place any reliability on the observations made.
Closely related to recycling is reworking; i.e., erosion, 
transportation and redeposition of miospores from unconsolidated
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sediments. Davis (1968) investigated this problem by comparing the 
number of miospores per unit area of cores from a lake bottom (Frains 
Lake, Michigan) with the number of miospores per unit area deposited 
in traps just above the lake bottom. She found that there were two 
to four times as many miospores in the traps as in samples from cores, 
and concluded that fifty percent of the miospores in the traps had been 
redeposited due to seasonal water circulation (overturning) of the lake. 
This conclusion she based on the observation that the times of greatest 
abundance of miospores in the traps corresponded to periods of seasonal 
circulation. Groot (1966) attributed reworking as the mechanism causing 
the large number of Chenopodiaceae miospores in the suspended sediment 
sample he studied from the Delaware River estuary. This was because the 
Chenopodiaceae were not pollinating at the time the samples were taken.
The process of reworking of miospores is probably very active in 
the Mississppi River delta, particularly in those environments where 
currents are active. This would be especially true for the channel and 
distributary mouth bar environments, where erosion is predominant during 
flood stage due to increased discharge; and deposition is predominant 
during falling the low water stages. In the alluvial valley, above the 
delta, miospores as well as inorganic particles probably made many 
depositional stops, in point bars and sand bars, only to be picked up 
and transported again. Recognition of the effects and occurrence of 
this process in palynological assemblages is difficult as there are no 
quantitative data available for comparison.
Table 5 summarizes and evaluates the sources of variation 
influencing miospore distribution of each environment in the Mississippi 
River delta.
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Table 5. Occurrence of Variation Sources of Miospore Distribution in 
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Author's evaluation of significance of source of variation with respect 
to individual environments: A - abundant, one of dominant sources of
variation; F - frequent, likely to occur but not necessarily within 
each location in an environment; R - rare, possible but not an important 





A major limiting factor in the study was sample collection, 
particularly finding areas which had not been disturbed by man; 
e.g., by dredging, by piling spoil on the natural levees, by filling
in bays and marsh. Many sample locations preferred because they were 
larger and thus more typical of the environments studies in this 
investigation were not used because of man's influence.
In the marsh, bay and levee environments, a three and one-half 
inch diameter core barrel was used to obtain samples. The top four 
inches of each sample recovered was used in the study. Each sample 
of cored sediment was split in half and a one inch wide, one-half 
inch deep section taken from each half of the sediment core. This 
was placed into a properly marked container. At each location two 
samples were taken at approximately one foot apart. This was done in 
order to test for the variation between samples within locations.
The channel samples were obtained with a Peterson dredge. The 
dredged sample was placed on a cleaned board and thoroughly mixed.
A volume equivalent to that of the cored material was placed into a 
properly marked sample container. The channels sampled in the study 
were chosen specifically because of low current velocity. Thus the 
Peterson dredge was not carried far downstream before reaching the 
bottom. This allowed for accurate location of samples as well as
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reducing the possibility of biasing the sample by loss of sediment while 
recovering the dredge from the channel bottom. Thus most of the channel 
samples were from areas where deposition rather than erosion was the 
dominant process. Two samples were taken at each locality as was done 
with the cored samples.
The offshore samples were obtained using a three and one-half 
inch core barrel attached to a power winch, mounted on the bow of a
twenty-four foot cabin crusier. Because of the strength of the water 
and wind currents of the open water of the Gulf of Mexico, it was 
difficult to obtain two separate cores at each location of the offshore 
environments. Hence only one core was taken at each locality. However, 
in order to keep to the statistical design of the problem, each core
was split in half and the top two inches of each half was used as a 
sample. Since each half of the core was treated as a separate sample, 
the statistical approach to the problem was unaffected. However, a 
smaller sediment sample and close spacing of samples at a location 
result when a core is split and a sample taken from each half.
Immediately after collection, formaldehyde solution was added 
to each sample to retard bacterial decay.
Assemblage numbers were randomly assigned to the field samples 
when they were brought into the laboratory. This was done in order to 
preclude bias due to preferential selection of samples for order of 
study in the laboratory. Once the field sample was taken and the 
assemblage number assigned, the investigator did not know from which 
environment the sample was taken until the data was placed on IBM 
punch cards at the end of the study. Thus operator bias was reduced, 




Immediately prior to chemical processing, the sediment in each 
container was thoroughly mixed and a three to fifteen gram subsample 
taken to use as the laboratory sample for determination of the palyno- 
flora. In order to separate the palynomorphs from the inorganic 
sediment matrix, the following standardized chemical maceration 
procedure was used. This was employed for all samples studied in this 
report.
1. A numbered, clean, dry, 250 ml polyethylene beaker was 
weighed on a Mettler, Model H-4 balance and the weight 
recorded.
2. A 3-15 gram sediment sample was placed into the beaker.
3. The sediment sample was dried for 24 hours in a drying 
oven at a temperature of 75 C.
4. The dried sediment sample plus beaker was weighed on a 
Mettler balance and the weight recorded.
5. The sample was covered with 3/4 inch of concentrate 
hydrochloric acid (37% technical grade) for 6-8 hours at 
room temperature.
6. The beaker was filled with distilled water and allowed to 
sit for 4-6 hours, after which the supernatant fluid was 
poured off through a Whatman #541 filter paper. Any 
residue on the filter paper was washed back into the 
beaker with distilled water. The beaker was again filled 
with distilled water and the standing, washing, and 
filtering procedure repeated. This was done 4 times in all.
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7. After the final rinse in step 6, hydrofluoric acid (52% 
reagent grade) was added slowly until the beaker was 1/3 
filled. This was allowed to sit for 36-52 hours depending 
on the estimated amount of silica present. Some samples 
with high silica content were heated 8-10 hours in a 
water bath at a temperature of 75 C. Each sample was 
stirred every 3-4 hours.
8. The beaker was filled with distilled water and the sample 
was washed 4 times as in step 6 above.
9. After the final rinse a volume, equal to the volume of 
distilled water in the beaker, of 1% Schultz solution
(10 grams of potassium chlorate per 1000 ml of concentrated 
nitric acid), was added to the sediment plus distilled 
water. This was allowed to sit for 10-12 hours stirring 
every 2-3 hours.
10. Distilled water was added to fill the beaker, and the 
residue filtered through Whatman #541 filter paper. The 
residue was washed back into the beaker and the beaker 
filled with distilled water.
11. The sample was transferred into 100 ml polyethylene 
centrifuge tubes and centrifuged for 12 minutes in an 
International Model HN Centrifuge at 3000 rpm. After 
centrifuging, the supernatant was filtered and the procedure 
continued until all the samples was transferred from the 
beaker into the centrifuge tube.
12. After transferring the whole sample into a centrifuge tube, 
it was washed twice, centrifuging after each wash.
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13. To the amount of sample plus distilled water in the
centrifuge tube, an equal amount of 3% potassium hydroxide
solution (30 grams KOH per 1000 ml distilled water) was 
added.. The material was stirred for 5 minutes, distilled 
water added to fill the tube, and then centrifuged for 10 
minutes at 3000 rpm.
14. The supernatant was filtered through Whatman #541 filter
paper. The residue was washed back into the centrifuge
tube and the tube filled with distilled water. This 
washing procedure was repeated 4 times or until the 
supernatant fluid was clear.
15. After the final wash, Safranin 0 stain was added, and the 
material allowed to sit for 5 minutes. Distilled water 
was added to fill the centrifuge tube and the material 
centrifuged for 12 minutes at 3000 rpm. After filtering 
the supernatant the sample was washed again, and centrifuged 
after the wash.
16. The residue was placed in a labeled 2 dram plastic vial 
with flip-top for permanent storage. To retard bacterial 
decay, 2-4 crystals of copper sulfate were added to each 
vial.
17. Before the slides were made, a 1/2 ml of the absolute 
frequency standard was added to each vial.
18. Slides were made by first thoroughly shaking the vial and 
then adding one drop of processed residue to one drop of 
Clearcol on a 22 x 22 mm No. 0 coverslip. The drops were 
thoroughly mixed and spread to the edges of the coverslip.
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with a wooden applicator. After drying, the coverslip was 
mounted, residue down, on a 3 x 1 inch glass slide, using 
glycerine jelly as an adhesive. The glycerine jelly was 
allowed to cool and set overnight and the margins of the 
coverslip finally sealed with clear nailpolish.
Taxonomic Procedures
In order to maintain consistency and to reduce operator bias in 
classifying taxa during data collection, a standard procedure was used. 
For each miospore morphotype observed in the study, a morphological 
description and a polaroid print were made at the time a new type was 
first observed. Each morphotype was assigned a number, which was used 
during subsequent tabulations. The polaroid prints were mounted on 
illustration board and grouped according to aperture type, or the 
presence of a succus; i.e., all trilete miospores, porate miospores, 
etc. were placed together. Whenever a new or different miospore was 
encountered, it was compared to the polaroid prints. If the new or 
different miospore was similar to one already photographed, then a 
more detailed comparison was made using the written morphological 
descriptions of the morphotypes that closely resembled the new miospore. 
After these comparisons, it was decided the. miospore was either a new 
form or similar to one already described. If it was a new form, the 
new miospore was catalogued in the manner described above and added 
to the catalogue of morphotypes.
The statistical analyses were performed using the morphotype 
numbers as the means for group identification. Linnaean names were 
only assigned to the different miospore morphotypes after all 
computations were completed.
The taxonomic procedure used allowed for the rapid collection of 
data without being concerned with Linnaean taxonomy. Hy using the 
technique, nomenclatural problems such as deciding the correct 
scientific name were delayed until all the data had been collected.
This avoided long extensive literature searches, besides reducing the 
complications of assigning one name to a particular morphotype and 
finding out part way through the data collecting process that the 
name was incorrect.
Sample Examination Procedure
Five microscope slides were prepared from each sample, using 
the technique described by Wilson (1959). Three slides were used in 
the data collection and the remaining two used as reserves if needed, 
e.g., if a slide were broken, if a slide contained too much debris 
to be counted, or if there were insufficient palynomorphs on the first 
three to obtain a count of 300 individuals.
In the preliminary analysis to determine the absolute frequency 
(total number) of miospores per gram of sediment, ten traverses at 
300X, were made across each of three slides per sample. The same 
horizontal coordinates on the stage micrometer were used as the 
starting point for the start of each of the ten traverses. The number 
of fossil, as well as the number of introduced (exotic) miospores for 
each traverse was recorded. A completely randomized analysis procedure 
with hierarchical arrangement of treatments was performed on the data 
collected (see later section on absolute frequency for details). The 
results of these analyses indicated there was no statistically signif­
icant variation among slides within a sample. Thus for the completion
of the absolute frequency data col Leet.ion, counts were made using only 
one slide randomly selected for each sample.
For the collection of relative frequency data, a total of 300 
miospores were counted at 400X for each sample. Each count was started 
in the upper left-hand corner of the coverslip, and continuing across 
the slide. If there were insufficient palynomorphs on one slide to 
complete the count of 300 individuals, then a second slide was selected 
and the same procedure was followed; i.e., starting in the upper-left 
hand corner and making as many traverses as necessary to obtain a count 
of 300 individuals. Included in this count was the frequency of 
occurrence of each identifiable morphotype, as well as the sum of 
those palynomorphs which were not taxonomically identifiable because of 
poor preservation or orientation. These frequency counts are presented 
in Appendix B.
During the collection of relative frequency data, the number of 
"exotic" miospores was also tabulated. This data will be analysed later 
to determine the absolute frequency of each morphotype observed in the 
study. The raw data necessary for these calculations is included in 
Appendix E.
The probability of including at least one individual from every 
morphotype which comprised one percent or more of the population from 
a total count of 300 palynomorphs is ninety-five per cent. This 
statement of probability assumes a random dispersion of palynomorphs 
on a slide and is based on the binomial distribution as outlined by 
Shaw (1964, pp. 107-110). Wilson's (1959) slide-making procedure was 
used in this study, and the miospores are believed to be randomly 
distributed on each coverslip using this method.
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Experimental Design
In order to obtain objective interpretations concerning 
environmental differences in miospore distribution, a statistical 
approach based on probability theory was used in the investigation.
A hierarchical arrangement of treatments in a completely randomized 
design (Schilling and Hart, in press) was selected for this problem 
for the following reasons. The completely randomized design is most 
useful in preliminary investigations where the sources of variation 
are unknown, as was the case with the distribution of palynomorphs 
in the environments of the Mississippi River Delta. However, this 
design is inefficient if the experimental units (samples within 
locations within environments in this study) are not homogeneous; i.e., 
there are strong differences between samples. If the samples are 
heterogeneous, then a large difference in average miospore abundance 
for each environment is necessary in order to obtain a significant 
statistical difference among environments.
With a hierarchical arrangement of treatments, the total 
variation among environments is subdivided into smaller subgroups.
This subdivision allows the investigator to separate and evaluate the 
factors (treatment effects) which affect the variation in miospore 
abundance among environments. For example, if only one sample per 
location within an environment is selected, the investigator is only 
able to determine the differences in miospore abundance among environ­
ments. However, if two or more samples per location within an 
environment are selected, the investigator is able to determine 
differences in miospore abundance between locations within environ­
ments in addition to evaluating significant differences in abundances
'»/
among environments. Tims more Information is available enab I i nj>, I he 
investigator to make more meaningful i 111 e rp rel a L i mis eonce rn i ng I lie 
sources of variation causing miospore distribution within environmenl 
as well as among environments.
The mathematical model for the statistical design used to 
explain the performance of an individual observation is:
Y ijk = u + Ei + L ±j + Eijk
where:
Y. = the frequency of occurrence of a given morphotype from ij k.
the sample of the j*"*1 location within the Lt*1
environment.
u = the overall mean.
til= the effect of the i environment as a deviation from 
the overall mean (i = 1,2,...7).
= the effect of the j location within the i*"'1 environment 
as a deviation from the means of all locations from the 
ifĉ  environment (j = 1,2,...7).
E... - the effect of the kt 1̂ sample of the location in theijk
t hi environment as a deviation from the mean of all 
samples taken from the jt 1̂ location in the i^' env ironment 
(k = 1,2), NID (0, <Tg).
The analyses for each morphotype found to be environmentally
significant, are presented in Appendix C, including the degrees of 
freedom, mean square, F-test ratio, and variance component associated
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with each source of variation. The calculations involved in obtaining 
the appropriate degrees of freedom, mean square and F-test ratio can 
be found in Sokal and Rohlf (1969, pp. 256-265).
Variance components were obtained by equating a given mean 
square with its expected value, and solving for the associated variance 
component. The expected value of the mean squares for the sources of 
variation included in the nested analysis of variance are:
Source Expected Mean Square
Environment 0? + 20? + uai
Q L  Hi
Location/Environments (T + 202
S Li
Samples/Locations/Environments 0^
The coefficient for each variance component represents the 
number of samples used to obtain the mean at each level in the 
hierarchy. A constant number of samples (2 samples) was taken at each 
location and a constant number of locations (7 locations) was used 
within each of the seven environments studied. Therefore, the constant: 
in the expected mean square become: the number of samples per location
for the variance component associated with the expected mean square 
for locations (2); and the number of samples per location multiplied 
by the number of locations, for the variance component associated
with the expected mean square for environments (14).
4.
Equal numbers of samples per location (2) and locations within 
environments were selected for the following reasons. Firstly, 
computations in the statistical analyses are simplified. Secondly, the
probability of not finding a statistically signifLoam difference in 
miospore abundance when in fact a significant difference is present 
is reduced.
When the analysis of variance procedure indicates there is a 
statistically significant difference in miospore abundance among 
environments, the researcher must use an individual degrees of 
freedom test (orthogonal comparisons) to locate the source of this 
variation. Orthogonal comparisons partition the total sum of squares 
deviation from the mean into the effect of each treatment (envirounion 
sum of squares deviation from the mean. The orthogonal comparisons 
used in this study are based on the areal relationships within the 
delta. The two major sets of comparisons are the onshore environment 
(channel, subaerial levee, marsh, interdistributary bay) and offshore 
environments (distributary mouth bar, delta front, prodelta). Within 
each major set of comparisons, several other comparisons were made 
as follows:
channel + levee vs. marsh + interdistributary bay
channel vs. levee
marsh vs. interdistributary bay
distributary mouth bar vs. delta front + prodelta 
delta front vs. prodelta.
Also, these comparisons investigate the energy levels within 
the onshore and offshore environments.
Absolute Frequency
Although various palynologists have mentioned the absolute 
frequency of miospores per unit weight of unit volume as a possible
tool in stratigraphic palynology, very little has been published 
demonstrating this potentiality. The majority of articles are con­
cerned with methodology. However, Erdtman (1943, p. 203) noted work 
by Ording (1934) using absolute frequency as "providing indications 
or minor climatic fluctuations." Davis (1966, p. 310) stated "absolute 
numbers of pollen grains in sediment samples may yield information 
about the environment at the time the sediments were deposited."
She also noted (p. 310) the use of absolute frequency in comparing 
samples of unknown age with samples dated by radiocarbon isotopes.
The use of absolute miospore frequency in measuring rates of miospore 
deposition, as determined by sediment traps in modern lakes was 
demonstrated by Davis (1965, 1967, 1968). Other authors, principally 
Muller (1959), Rossignol (1961), and Groot (1966) used absolute 
frequency in the study of modern sediments but drew neither strati­
graphic nor environmental interpretations from these data.
For this study a sampling experiment was designed to determine 
if there were any statistical differences in absolute miospore frequency 
counts among the various sub-environments of the Mississippi River 
delta. The results are used to discuss the potentiality of absolute 
miospore frequency in environmental analysis.
Erdtman (1943), Muller (1959), Benninghoff (1962), Davis 
(1965, 1966), and Kirkland (1967), among others, described methods for 
determing the absolute frequency of miospores. Erdtman (1943),
Muller (1959) and Davis (1965, 1966) used basically the same method of 
counting the number of miospores per known quantity of processed 
miospore residue. By measuring the original weight or volume of the 
sample, then the total volume of processed residue and the volume of
residue that is counted, a simple calculation yields the total number 
of miospores per unit weight or volume. Benninghoff's (1962) method 
involves adding a known quantity of exotic miospores to the sample 
before chemical processing. By counting the number of fossil to 
exotic miospores from a known quantity of processed residue, the ratio 
of fossil to exotic miospores is determined. This ratio times the 
number of exotic miospores introduced into the original sample is then 
multiplied by the total volume of the processed residue, giving the total 
number of fossil miospores in the sample. Dividing the total number of 
fossil miospores by the volume of the original unprocessed sample yields 
the absolute frequency of miospores per unit volume of sample. Kirkland 
(1967) modified Benninghoff's method by adding a known quantity of modern 
miospores stained a different color from the fossil material, after 
processing. By tabulating the number of modern and fossil miospores 
counted on "several" traverses of a slide, one obtains a ratio of 
fossil to modern miospores. This ratio is multiplied by the number of 
fossil miospores in the sample. This total is divided by the unprocessed 
sample weight to yield the absolute frequency of miospores per unit 
weight.
A modification of Kirkland’s method was used in this study. A 
suspension of modern miospores was prepared using the palynologic 
processing procedure applied in the Department of Geology at Louisiana 
State University (available upon request). These modern pollen were 
stained with methylene blue. In comparison, the fossil miospores, 
prepared in a similar way, were stained with safranin 0. The modern 
miospore suspension was put in an Erlemeyer flask and capped to
prevent evaporation. Several crystals of cupric so I fat** were adtl oil 
to retard bacterial decay. This suspension .formed Lho " ini reduced 
miospore suspension", which was calibrated by determining the number 
of miospores per unit aliquot. To do this, one-half milliliter of 
suspension was thoroughly mixed with Clearcol on a 50 x 22 mm cover 
slip and then dried. This cover slip was mounted on a 3 x 1 inch 
slide and scored into six equal area sections. The number of modern 
miospores in twelve fields of view in each section were counted at 
lOOx magnification. The procedure was repeated on ten different slides. 
The nested analysis of variance procedure was performed on these data.
At a significance level of 0.01, there was no significant difference 
between slides: a necessary condition before calibration can be
attempted. Calibration was then completed by a simple calculation 
to determine how many modern miospores occur in one-half milliliter 
of suspension.
A further factor considered was to determine if the abundance 
of modern miospores in an aliquot of suspension could be consistently 
detected, on randomly prepared slides from a residue preparation, once 
the exotics has been introduced. To determine this, aliquots of one-half 
milliliter of the suspension were introduced into ten samples from the 
Mississippi River delta. An analysis of variance for variation among 
and within these samples indicated the suspension had too few modern 
miospores (8060) to give consistent results. Therefore an entirely 
new suspension was made using the same procedure of calibration, with 
the exceptions that more miospores (34341) were added to the suspension 
and two slides were made at each of two different times. The latter 
was done to check the consistency of aliquot sampling over time.
Benninghoff (1962, p. 333) states that "experience with these techniques 
has shown that the limits of error in sampling and counting need to be 
established at each step of the procedures, as the compounding of 
relatively wide limits of error in some steps reduces the reliability 
of the final calculations." It should be noted here that Kirkland's 
(1967) procedure of simply increasing the volume of modern suspension 
added to some samples should be avoided as it gives counts based on 
unequal numbers introduced, which makes statistical testing more 
complex, but more seriously also squares the variance of the introduced 
modern miospores for every doubled quantity of suspension added. This 
reduces the reliability of final calculations. The analysis of 
calibration data is shown in Table 6.
Again, no significant statistical difference was found among 
slides prepared at the same or at different times. These consistent 
results indicate that aliquot sampling in this study was uniform.
This procedure should be performed carefully as tests in the early 
stages of development of this method indicate that the operator's 
inexperience can cause significant statistical differences over time.
The number of miospores per one-half milliliter was calculated 
by measuring the area of a single field of view used to count the modern 
miospore suspension and dividing this into the total area of the slide. 
This quotient, multiplied by the average number of pollen per field 
of view, gave the total number of pollen per one-half milliliter of 
suspension.
Seven environments of the modern Mississippi River delta 
(channel, subaerial levee, marsh, interdistributary bay, distributary 
mouth bar, delta front, and prodelta) were analyzed. Two samples were
Table 6. Analysis of variance table for absolute frequency standard used in this study. (F-test
not significant at P ■£. .05)
Degrees of 
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taken at each of seven locations within each environment. The samples 
were processed and one-lialf milliliter of modern pollen suspension 
added. A preliminary analysis was made using both samples of four 
locations within each environment. The number of fossil and exotic 
miospores was counted on ten traverses at 300x on each of three slides 
per sample. It was necessary to calculate the ratio of fossil mio­
spores to fossil plus exotic miospores for each traverse. This was 
done since samples with extremely low yields may have given zero 
values. Likewise, samples with high miospore content may have given 
no exotic grains per traverse. The ratio of fossils to fossils plus 
exotics was transformed to a normal distribution by the arcsine 
transformation and resulting values were used to test for differences 
among slides within a sample. These data are summarized in Table 7.
The absolute frequency on each slide within a sample was used to test 
for (a) differences among environments, (b) locations within environ­
ments, and (c) samples within locations, A summary of these data is 
shown in Table 8.
Table 7 shows that there is no significant variation among 
slides within a sample. Therefore, the slide-making technique is 
consistent within a sample; and only one slide per sample is required 
to derive accurate and repeatable information. This greatly reduces 
the time required to count slides while still obtaining meaningful 
results. Table 8 shows a highly significant difference between samples 
within a location and locations within an environment. The variation 
between samples within a location indicates that the size of the original 
field sample should be increased. In order to increase the ability of 
detecting differences between environments, it is necessary to reduce
Table 7. Analysis of variance table based on fossil to fossil plus exotic miospore ratio used to 
test slides within a sample.
Source of Variation
Degretes of F-Test
Freedom Mean Square Statistic
Component of 
Expected Mean Square Variation
1679 2528021.00 0.0
6 63894176.00 cr 2 T +2<r2 +3<r SL 2 +6<T2 +24<T2 SA L E 714087.44
21 72130880.00 cr 2 T +2cr 2 +3cr SL 2 +6<t2 SA L 944518.37
28 29285664.00 (X  2T +2cr 2 +3cr SL
2
SA 1094.44
112 950112.25 1.01 cr 2T +2cr 2 SL 939167.81











Table 8. Analysis of variance table for environments, 4 locations within environment, 2 samples
within locations, and 3 slides per sample. (**P —  .01).
Source of Variation Degrees of 
Freedom Mean Square
F-Test




Environments 6 1336775200 1.45 +3(5-2 +6cr2 +24<j2 SL SA L E 17350272
Loc at ions/environment s 21 920268900 4.30 ** <r 2 +3cr 2 +6<J2 SL SA L 117740370
Samples/locations/
environments
28 213926610 5.69 ** <r 2 +3<T 2 SL SA 58792336
Slides/samples/locations/
environments
112 37549568 cr 2 SL 37549568
Data based on absolute frequency of miospores calculated per slide.
the variation between samples within locations and locations within 
environments. Observing the constants in the expected mean squares 
for each source of variation (Table 8), one finds that an increased 
probability of detecting differences between environments can be 
achieved by reducing the number of slides per sample and reducing the 
number of samples within locations, while increasing the number of 
locations.
The study was continued in order to evaluate the effect of 
environment on miospore abundance by including the remaining three 
localities per environment, using one slide per sample and one sample 
per location. The one slide per sample and one sample per location 
were selected randomly. The results of the analysis of variance 
performed on these data are shown in Table 9. The interpretation of 
these data are discussed in the Results and Conclusions Chapters.
Table 9. Analysis of variance table for testing environments based on one slide per sample, one
sample per location, and seven locations within each environment. (** P 5 .01).
Degrees of F-Test Expected
Source of Variation Freedom Mean Square Statistics Mean Square
Total 48
Environment 6 372699140 5.446 ** cr 2 +SL E
Slide/sample/location/environment 42 68433808 <T ̂
Chapter 5 
Results
Three hundred and sixty-one palyno-morphotypes were recovered 
during the investigation. Twenty-eight were classified as marine 
phytoplankton belonging to the Dinophyceae, twenty-one as cysts of 
undetermined origin and the remaining three hundred and two as 
miospores of the higher plants. These palynomorphs range in age 
from the Cambrian Period to the Holocene Epoch. Where possible the 
age of all the recycled forms was attempted. The range in age 
reflects the sediment source of the Mississippi River delta. A 
short morphologic description of each morphotype together with its 
Linnean name if known and age is included in Appendix A.
Areal Distribution of Morphotypes
The palynomorphs were analyzed according to the procedures 
discussed in Chapter Four. Thirty-nine palynomorphs were found to be 
environmentally significant; i.e., their frequency of abundance is 
effected by environment. The analysis of variance tables of these 
environmentally significant palynomorphs are given in Appendix C.
Each analysis of variance table includes the degrees of freedom, mean 
square, and variance component associated with each recognized source
of variation. These sources of variation are:
1. variation among environments;
2. variation among locations within an environment; and,
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3. variation between samples within the same location.
A rough estimate of the amount of variation within each of the 
above sources is obtained by comparing the variance components for each 
source of variation. The higher the value of the variance component, 
the greater the amount of variation attributable to its corresponding 
source of variation. Variation can be expressed as a percentage by 
multiplying the variance component for the particular source being 
determined by 100, and dividing this product by the summation of the 
variance components for the particular morphotype being studied.
Of the thirty-nine environmentally significant palynomorphs, 
twelve were classified as recycled forms. Table 10 lists these re­
cycled yet environmental significant palynomorphs and notes the 
stratigraphic age of each. Four of these, morphotypes 126, 132, 140 
and 300 are Dinophyceae.
A single degree of freedom tests (orthogonal comparisons) 
was performed on each of the thirty-nine statistically significant 
morphotypes in order to evaluate which environment was causing this 
difference. The orthogonal comparisons set up were based on the areal 
relationships of the environments in the deltaic framework. The two 
major groups of orthogonal comparisons were onshore (channel, natural 
levee, marsh, and interdistributary bay) and offshore (distributary 
mouth bar, delta front, and prodelta). Also comparisons within each 
of these groups were made. These sets of comparisons were believed 
to investigate the effect of energy levels within and between the on­
shore and offshore environments. A summary of the delta is given in 
Table 11, In addition to the tabular representation of the statistical 
differences for each set of comparisons (*=P <0.05; **= P <0.01),

















Tertiary Period to Holocene Epoch 
probable Paleozoic Era 
Tertiary Period 
Tertiary Period
Cambrian Period to Holocene Epoch 
Tertiary Period to Holocene Epoch 
probable Mesozoic Era 
probable Mesozoic Era 
probable Tertiary Period 
Cretaceous Period to Tertiary Period
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Table 11 includes the total number of individuals of each morphotype 
found within each set of comparisons. The average number of each 
morphotype per sample within an environment can be obtained by dividing 
these numbers by fourteen because there were fourteen samples per 
environment. This table was used to evaulate the distributional 
patterns of the environmentally significant palynomorphs, and allowed 
the following characteristics of each environment to be determined.
The Channel Environment
Sixteen morphotypes had a distribution that was statistically 
significant due to their occurrence in the channel environment. These 
are:
10 - Rurtzipites sp.
12 - Carya sp.
22 - Pterocarya sp.
85 - unnamed tricolpate 
91 - Compositae 
126 - Dinophyceae 
132 - Veryhachium sp.
150 - Chenopodiaceae 
152 - Chenopodiaceae 
157 - Chenopodiaceae 
169 - Liquidambar 
174 - Ulmus - Planera 
237 - Quercus sp.
240 - Quercus sp.
374 - Compositae
405 - unnamed tricolpate
Table 11. Orthogonal Comparisons of Statistically Environmentally Significant Palynomorphs 




























a a a a *
Gramineae 5 D-255.5 CL-252.5 C-137 M-327 DMB-128.0 DF- 96
0-117.5 BM-261.0 L-368 B-195 DFP-112.5 P -129
a a *
Carpinus sp. 9 D-6.2 CL-6.5 C-5 M-5 DMB-8 DF-37
0-26.7 BM-6.0 L-8 F-7 DFP-31 P -25
a A
Kurtzipites sp. D-1.2 CL-2.0 C-4 M-0 DMB-0.0 DF-5
10 0-2.3 BM-0.5 L-0 B-l DFP-3.5 P -2
a a * AA
Carya sp. 12 D-75.2 CL-96.5 C-128 M-48 DMB-101 DF-112
D-109.0 BM-58.5 L- 56 B-69 DFP-113 P -114
Engelhardia sp. D- 7.2
J .
CL-11.0 C- 6 M-3 DMB-11 DF-11






























Chenopodiaceae D-13.2 CL-13.0 C-17 M-14 DMB-27 DF-35
18 0-28.3 BM-13.5 L-9 B-13 DFP-29 P -23
Chenopod iaceae D- 8.8 CL-43 C-55
*
M-30 DMB-55.0 DF-70
19 0-12.3 BM-45 L-31 M-60 DFP-72.5 P -75
Pterocarya sp. D-8.8 CL-11
*
C- 18 M- 4 DMB-11 DF-10
22 0-56.3 BM-104.0 L-155 B-83 DFP-48 P -55
** *
Gramineae 25 D-102.0 CL-101.5 C- 48 M-125 DMB-73 DF-41
0- 56.3 BM-104.0 L-155 B- 83 DFP-48 P -55
* ** 
unnamed trilete D-0.0 CL-0.0 C-0 M-0 DMB-3 DF-0






























unnamed D-24.5 CL-30.5 C-41 M-13 DMB-33 DF-17
tricolpate 85 0-23.7 BM-18.5 L-20 B-24 DFP-19 P -21
* *
Compositae 91 D-394.2 CL-455.5 C-578 M-301 DMB-453.0 DF-601
0-535.3 BM-333.0 L-333 B-365 DFP-576.5 P -552
* *
Pistillipollenites D-1.2 CL-0.5 C-l M-l DMB-9.0 DF-2
spp. 100 0-4.0 BM-2.0 L-0 B-3 DFP-1.5 P -1
Compositae 104 D-22,5
*
CL-16.0 C-19 M-23 DMB-31.0 DF-37
0-30.7 BM-28.5 L-13 B-34 DFP-30.5 P -24
** ** **
A1ternanthera D-360.8 CL-114.0 C- 14 M-659 DMB-4.0 DF-5






























Pinus spp. D-246.8 CL-265.0 C-273 M-234 DMB-268 DF-321
115 0-330.7 BM-234.5 L-255 B-235 DFP-352 P -403
* **
Dinophyceae D-1.2 CL-2.5 C-5.0 M-0 DMB-2.0 DF-1
126 0-1.0 MB-0.0 L-0.0 B-0 DFP-1.5 P -2
* **
Veryhachium D-1.0 CL-2.0 C-4-.0 M-0 DMB-0.0 DF-1
sp. 132 0-0.3 MB-0.0 L-0.0 B-0 DFP-0.5 P -0
* **
unnamed D-1.8 CL-1.0 C-l M-l DMB-6.0 D-10
Dinophyceae 140 0-6.8 MB-2.5 L-l B-4 DFP-5.5 P-l
** ** **
Chenopodiaceae D-255 CL-283 C-356 M-178 DMB-246 DF-338






























Chenopodiaceae D-15.8 CL-21.5 C-30 M- 8 DMB-19.0 DF-25
152 0-26.0 MB-10.0 L-13 P-12 DFP-29.5 P -34
* *
Chenopodiaceae D-3.7 CL-5.5 C-9 M-3 DMB-1.0 DF- 5
157 0-5.3 MB-2.0 L-2 B-2 DFP-7.5 P -10
* * *
Typha sp. 161 D-56.6 CL-24.5 C-15 M- 52 DMB- 9 DF- 9
0-11.0 MB-90.5 • L-30 B-129 DFP-12 P -12
* *
Liquidambar D-16.5 CL-17.5 C-26 M-13 DMB- 2.5 DF-17
sp. 169 0-16.7 MB-15.5 L- 9 B-18 DFP-12.5 P -8
J.J. *
Ulmus-Planera D-15.0 CL-21.0 C-32 M- 7 DMB-31.0 DF-20






























Cyperaceae 195 D-120.2 CL-109.5 C- 77 M-169 DMB-55 DF-51
0-45.7 MB-131.0 L-142 B-93 DFP-41 P -31
Saccate 204 D-0.2 CL-0.5 C-l M-0 DMB-0.0 DF-3
0-1.0 MB-0.0 L-0 B-0 DFP-1.5 P -0
- * *
Liliaceae 207 D-7.8 . CL-14.0 C- 4 M-0 DMB-10 BF-4
0-5.3 MB- 1.5 L-14 B-3 DFP- 3 P -2
** *
Quercus sp. 237 D-24.8 CL-29.5 C-43 M-I8 DMB-53 DF-51
0-50.3 MB-20.0 L-16 B-3 2 DFP-49 P -47
A. A JUA  r t  fV
unnamed 238 D-1.2 CL-1.0 C-2 M-0 DMB-8.0 DF-3






























Quercus sp. 240 D-44.5 CL-41 C-58 M-47 DMB-60 DF-93
0-75.3 MB-48 L-24 B-49 DFP-83 P -73
**
unnamed D-14.2 CL-19.5 D-2^ M-7 DMB-34.0 DF-26
tricolpate 299 0-28.3 MB- 9.0 L-15f B-ll DFP-25.5 P -25
Dinophyceae 300 D-2
*
CL-4.0 C-5 M-0 DMB-1.0 DF-4
0-3 MB-0.0 L-3 B-0 DFP-2.5 P -1
* **
unnamed D-48 CL-82.5 C-19 M-4 DMB-17.0 DF-10
tricolpate 330 0-14 MB-13.5 L-146 B-23 DFP-12.5 P -15
unnamed 335 D-13 CL-12 C-10 M-9 DMB-20
*
DF-14

























































































Figures represent total number of individuals for specific environments; e.g., channel, levee, etc. and 
the average number of individuals for each environment within a group; e.g., CL-425.5 represents an 
average 425.5 individuals in the channel and 425.5 individuals in the levee.
To obtain the average number of individuals per sample within an environment, divide the total for each 
specific environment by 14.
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Of this group, morphotypes 10, 12, 91, 150, 152, 1.74, 227, and 
240 have identical distributional patterns. When the total onshore 
environment is compared with the total offshore environment (Table 11), 
these morphotypes are statistically significantly different in frequency 
in the offshore environment. The orthogonal comparisons indicate there 
is greater abundance of these morphotypes in the offshore environment. 
However, within the onshore environment this group of morphotypes has 
the highest abundance in the channel environment, which is indicated by 
their statistically significant abundance in the channel environment.
Morphotypes 22, 157, and 405 have a common distributional paLtern. 
When the total onshore abundance is compared to the total offshore 
abundance, a slightly higher abundance is found in the offshore environ­
ment, but this different is not statistically significant. The abundance 
of these morphotypes becomes statistically significant in the channel 
environment because their abundance is greater in that environment than 
in the other onshore environments.
Morphotypes 126 and 132, both Dinophyceae, show a distribution 
pattern that is mostly restricted to the channel environment, with only 
very few individuals found in the other six environments. Since the 
Dinophyceae are marine organisms and these two morphotypes were found 
in nonmarine sediments, they are considered recycled palynomorphs.
Although only four specimens of morphotype 374 were recovered 
in this study, three were found in channel sediments. Thus the abundance
of the morphotype was statistically significant in that environment.
Morphotypes 85 and 169 were statistically significant in both
the channel and distributary mouth bar sediments. Although morphotype 
85 was present in the other environments, its higher abundance in the
two environments mentioned was significantly different from its 
abundance in the other environments. On the other hand, the signif­
icantly different abundance of morphotype 169 was caused by its low 
concentration in the levee and prodelta environments.
The Natural Levee Environment
Six morphotypes were statistically significant in the natural 
levee environment. These were:
5 - Gramineae 
16 - Engelhardtia sp.
25 - Gramineae 
112 - Alternanthera philoxeroides 
207 - Liliceae 
330 - unnamed tricolpate
By comparing the abundance of morphotype 5 in all environments 
(Table 11),-one finds its greatest concentration in the levee and marsh 
environments. The abundances in these two environments are signifi­
cantly different from the abundances in the other environments. 
Morphotype 25 has a similar distributional pattern. It is statistically 
significant in the levee environment due to its higher abundance in that 
environment. Although morphotype 25 has a high abundance in the marsh 
environment, this abundance is statistically nonsignificant. Because of 
their high abundance in the marsh and levee environments, morphotypes 5 
and 25 are highly significant in the onshore environments, when the total 
onshore environments are compared with the total offshore environments.
Although morphotype 112 was found to be environmentally signifi­
cant in the levee environment, it has a greater abundance in the marsli
and bay environments. Since the distribution is similar in the bay 
and marsh, there is no significant difference between the two environ­
ments. By comparing the abundance of morphotype 112 in the levee and 
channel (Table 11), the significant difference is seen to be caused by 
the low abundance of the morphotype in the channel environment.
Morphotype 16 was found to be environmentally significant in 
the levee environment. Like morphotype 112, this difference was due 
primarily to the low abundance in the channel environment. Table 11 
shows the abundance of morphotype 16 in the offshore environments to 
be very similar to that of the levee environment, (eleven individuals 
per environment for each of the offshore environments and sixteen 
individuals for the levee environment).
Morphotypes 207 and 330 occur in much greater abundance in the 
levee environment than in the other six environments.
The Marsh Environment
Only morphotype 5 was statistically significant in the marsh 
environment. As in the natural levee environment, the statistical 
difference was caused by the greater abundance of this morphotype in 
the marsh environment than in the other environments.
Although it was not statistically significant in the marsh 
environment, morphotype 112 is diagnostic of the marsh and hay environ­
ments when present in large numbers. Table 11 shows that the abundance: 
of this morphotype is very similar in the marsh (659 individuals) and 
the bay (556 individuals) environments. Thus there was no statistical] 
significant difference in the abundance of this morphotype in these 
environments. However, when the abundance of morphotype 112 in the 
marsh and bay environments was compared with its abundance in the:
channel and Levee environments, there was a highly significant 
difference. This difference was caused by the greater concentration 
of this morphotype in the marsh and bay environments. From Table 11 
one sees the abundance of morphotype 112 was less than 15 individuals 
per environment for all the environments except the marsh, bay and 
levee. As noted above, morphotype 112 was statistically significant 
in the levee environment because of its low abundance in the channel 
environment. A similar distribution pattern was found for morphotype 
195, which had a high abundance, although not a statistically 
significant one in the marsh and levee environments.
The Bay Environment
Morphotypes 19 and 161 have a statistically significant 
abundance in the bay environment. For morphotype 19, this is caused 
by its low concentration in the marsh environment. Table 11 shows that 
the abundance of morphotype 19 is about the same in all environments 
except the levee and marsh, where it is considerably lower. The small 
amounts of the morphotype in these two environments causes a statisti­
cally significant abundance in the bay environment, it also has a 
relatively high abundance in the marsh environment. The average abun­
dance in the bay and marsh environments is higher than in any of the 
other five environments.
The sediments of the bay and marsh environments contain very 
few recycled morphotypes. In addition, they contain low concentrations 
of arboreal miospores, such as morphotypes 9 (Carpinus), 12 (Carya), 
and 174 (Ulmus - Planera).
H(>
The Distributary Mouth Bar Environment
Six morphotypes were found to be statistically significant 
in the distributary mouth bar environment. They are:
45 - unnamed trilete 
85 - unnamed tricolpate 
100 - Pistillipollenites sp.
169 - Liquidambar 
238 - unnamed trilete 
385 - Gleicheniidites sp.
Morphotypes 45, 100, and 385 are recycled forms, whose
occurrence is more or less restricted to the distributary mouth bar 
environment, that i.s they occur only as very scattered individuals 
in the other environments. Morphotype 238, which is a probable 
recycled miospore, has' a similar distributional patterij. to the three 
recycled miospores above.
Morphotypes 85 and 169, which have a high abundance in the 
channel and distributary mouth bar sediments, have a statistically 
significant abundance in these two environments. Their frequency of 
occurrence shows little variation in each of the other five environ­
ments .
Although the abundance of morphotype 207 was environmentally 
significant in the levee environment, it had a relatively higher 
abundance in the distributary mouth bar environment. However, it was 
not statistically significant in the latter environment because of the 
similarity of abundance in the delta front and prodelta environments; 
i.e., the abundance was about the same in each of the offshore environ­
ments.
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The Delta Front F.nv 1 ronment
Morphotypes I AO, 204, ami 405 were stal isl ieally signil icant 
in the delta front environment. Morphotypes .140 and 204 had their 
greatest abundance in this environment with very few individuals 
found in the other environments. Because of the higher abundance 
in the channel and distal bar environments, morphotype 405 showed a 
statistically significant abundance in both environments.
The Prodelta Environment
t
Only the abundance of morphotype 335 was statistically 
significant in the prodelta environment. Part of this difference 
was due to its low abundance in the delta front environment. The 
abundance of morphotype 335 in the bay and distributary mouth bar 
environments was slightly lower, but similar to that in the prodelta 
environment.
Miospores Of Possible Use In Temporal Analysis
In .addition to the environmentally significant palynomorphs, 
seven were found that occurred commonly in all environments. These 
are:
71 - Polypodiceae 
98 - Salix sp.
118 - poorly preserved saccate 
226 - Sagittaria spp.
276 - Compositae 
293 - Compositae 
337 - Salix sp.
Since the distributional patterns of these morphotypes were not
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env Lronmentn 1 I y cun I rol led and wore common in .ill onv i ronmcn I s, l hoy m,iv 
be useful in t fme-strat Lgraph ic. stud.I os of Liu1 Mississippi River do I in 
sediments. As mentioned in the Introduction, one application of the 
present investigation would be to study the differences in palyno- 
morph assemblages due to time by examining samples from older 
Mississippi River deltaic lobes.
In order to be considered as common, a morphotype had to have' a 
frequency count of 294 individuals. This number was derived in the 
following manner. As discussed in Chapter Four, 300 individuals were 
counted per sample. Based on such a count the probability of including 
one individual from every morphotype which comprises one per cant or more 
of the population is 95 per cent. One per cent of each sample is three 
individuals. Three individuals per sample times 98 samples yields 294 
individuals, which must be the average minimum value counted in the 
total study for the morphotype to be considered common.
Areal Distribution of Selected Higher Taxonomic Groups
Higher taxonomic groups may be more useful for determining 
environments than individual morphotpyes. In order to determine the
feasibility of using higher taxonomic groups, seven groups were selecLed. 
The same statistical procedures used on the individual morphotypes
were performed on these groups. The groups selected were the toLa.1 
grass (Gramineae), Compositae, Chenopodiaceae, Dinophyceae, sedge
(Cyperaceae), oak (Quercus), and saccate forms In which the bladders 
were not crushed or deformed. These groups do not represent the toLa I 
possible higher taxonomic groups available for study, but were selected
because they were generally considered to be important stratigraphic
indicator groups and also occurred in abundance in the samples studied.
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The results of the analysis of variance procedure showed that 
all these groups except Lhe total sedge were environmentally significant.
The analysis of variance tables for these higher taxonomic groups are
included at the end of Appendix C.
Orthogonal comparisons were performed on the higher taxonomic
groups which Were environmentally significant. The results are 
presented in Table 12, which includes the probability level 
(* = p <0.05, ** = P £0.01) of each statistically significant comparison 
as well as the total number of individuals within each environment or 
groups of environments for the various comparisons.
Due to their greater concentration in the marsh and levee 
environments, the grass miospores were statistically significant in 
these environments. The greater abundance of grass miospores in the 
marsh and levee environments, causes a statistically significant 
difference when the total onshore environments were compared with the 
total offshore environments.
Quercus and Chenopodiaceae miospores were more abundant in the 
offshore environments, causing a statistically significant difference 
between the offshore and onshore environments. Within the onshore 
environments, Quercus and Chenopodiaceae had a high and statistically 
significant abundance in the channel environment. Also the Chenopodiaceae 
had a significantly higher abundance in the bay environment than in the 
marsh environment. Although the difference was not statistically signi­
ficant, Quercus had a similar distribution pattern to the Chenopodiaceae, 
bedng more abundant in the bay than in the marsh environment. Within 
the offshore environments, the low concentration of Chenopodiaceae in 
the distributary mouth bar environment caused a significant difference,






























Grass D-444.8 CL-442.5 C-278 M-567 DMB 257.0 DF-196
0-235.3 MB-447.0 L-637 B-327 DFP 224.5 ? -253
** *
Compositae D-579.5 CL-668.5 C-820 M-421 DMB 708.0 DF-848
0-795.3 MB-495.5 L-516 B-560 DFP 839.0 P -830
** ** * *
Chenopodiaceae D-339.5 CL-308.5 C-484 M-236 DMB 362.0 DF-475
0-454.3 MB-298.5 L-277 B-361 DFP 500.5 P -526
** **
Quercus D- 81.2 CL-84.0 C-120 M-66 DMB 133.0 DF-158
0-142.7 MB-78.5 L-48. B-91 DFP 147.5 . ? -137
**
Dinophyceae D-17.2 CL-23.5 C-32 M-8 DMB--36 DF-33
0-33.3
JLJ.





D-260.8 CL-277.0 C-289 M-239 DMB--285 DF-336
(inflated sacs) 0-349.7 MB 244.5 L-265 B-250 DFP--382 P -428
Figures represent total number of individuals for specific environments; e.g., channel, levee, etc., and 
the average number of individuals for each environment within a group; e.g., CL-442.5 represents an average 
of 442.5 individuals in the channel and 442.5 individuals in the levee.
To obtain the average number of individuals per sample within an environment, divide the total for each 
specific environment by 14.
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when it was compared with the higher concentrations in the delta front 
and prodelta environments.
The Compositae had a statistically significant greater abun­
dance in the offshore environments. Within the onshore environments, 
the great abundance of Compositae in the channel environment caused
a significant difference in abundance in that environment.
The Dinophyceae had a statistically significantly greater 
abundance in the total offshore environments than in the total onshore
environments. With the onshore environments the Dinophyceae had a high 
abundance in the channel. However, this difference was statistically 
significant. The number of Dinophyceae in the channel environment 
(32 individuals) was almost the same as in each of the offshore environ­
ments (distributary mouth bar, 36; delta front, 33; and prodelta, 31).
Because of their greater abundance in the offshore environments, 
saccate miospores with inflated bladders showed a statistically 
significant difference between onshore and offshore environments.
However, within the offshore environments, the lower abundance of the 
saccate miospores in the distributary mouth bar environment caused a 
statistically significant difference when this environment was compared 
with the delta front and prodelta environments.
It is re-emphasized here, the higher taxonomic groupings studied 
were selected only to determine the feasibility of using higher laxa to 
distinguish between environments. There are many more possible groupings. 
One such group would be the total recycled palynomorphs per environment. 
However, it would be more appropriate to do this after a more detailed 
evaluation of the stratigraphic ranges of the morphotypes has been 
accomplished.
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GENERAL COMPARISON BETWEEN ONSHORE AND OFFSHORE ENVIRONMENTS
The following morpliotypes and the Gramineae higher taxonomic 
group were statistically significant in the onshore environments, when 
the total onshore environments were compared with the total offshore 
environments:
5 - Gramineae
25 - Gramineae 
112 - Alternanthera philoxeroides 
161 - Typha cf. T. angustifolia 
195 - Cyperaceae
Morphotypes 5, 25, 112, and 161 as well as the total Gramineae 
had a greater abundance in each of the individual onshore environments 
than the individual offshore environments, with the exception of the 
channel environment. The abundance of these morphotype groups in the 
channel environment is similar to that in the distributary mouth bar, 
delta front, and prodelta environments. A similar distributional pattern 
was shown by morphotype 195. Within the onshore environments, this 
latter morphotype has a low abundance in the channel, although this 
abundance was not as low as in the offshore environments.
When the total offshore environments were compared to the total 
onshore environments, the following morphotypes and higher taxonomic 
groups were statistically significant in the offshore environments:
9 - Carpinus sp.
12 - Carya sp.
18 - Chenopodiaceae
19 - Chenopodiaceae
45 - unnamed trilete
91 - Compositae 
100 - Pistillipollenites spp.
115 - Pinus spp.
140 - Dinophyceae 
150 - Chenopodiaceae 
152 - Chenopodiaceae 
174 - Ulmus - Planera spp.
237 - Quercus sp.
/
238 - unnamed trilete 
240 - Quercus sp.
299 - unnamed tricolpate
407 - unnamed tricolpate
Compositae
Chenopod ia ce ae
Quercus
Dinophyceae
Saccate with air sacs
Morphotypes 9, 12, 91, 150, 174, 237, 240, and the higher
taxonomic groups Compositae and Quercus were more abundant in each of 
the individual offshore environments than in the individual onshore 
environments except the channel environment. These morphotypes and 
higher taxonomic groups were statistically significant in the channel 
environment, and had an abundance in the channel that was almost
identical to the individual offshore environments.
A similar distribution pattern was shown by morphotypes 18, 19,
299, 407, and the Dinophyceae higher taxonomic group. These palynomorph 
groups were more abundant in the individual offshore environments than
in the individual onshore environments, except the channel environment.
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However, the abundance was not statistically s ign i f Irani in I lie 
channel environment.
In general, the onshore environments are characterized by 
miospore types produced by the local vegetation living in the Mississippi 
River delta, particularly the grasses (Gramineae), alligator weed 
(Alternanthera philoxeroides), cat-tail (Typha), and sedges (Cyperaceae 
cf. Carex). The offshore environments are characterized by recycled 
palynomorphs and miospores produced by vegetation living outside the 
Mississippi River delta. A notable exception to this generalization is 
the abundance of Compositae and Chenopodiaceae miospores, which at least 
in part are components of the local vegetation living in the delta. The 
channel environment is characterized by a palynomorph assemblage that 
resembles the offshore environments rather than the rest of the onshore 
environments.
Variation in Palynomorph Absolute Abundance Per Gram of Sediment
As discussed in Chapter Four, the absolute abundance of the 
palynomorphs per gram of sediment was investigated in order to deter­
mine the feasibility of this technique to detect differences between 
environments. Table 8 compared to Table 9 shows a highly significant 
difference among environments was found when the number of locations 
per environment was increased from four to seven, and the variance 
between samples within a location and locations within an environment 
was reduced by using one slide per sample and one sample per location 
as described in Chapter Four. In order to evaluate the differences 
among environments, the set of orthogonal comparisons used previously, 
and based on the areal relationship of the environments within the
()5
deltaic framework were made. A summary of these comparisons is given 
in Table 13.
A highly significant difference was found between the total 
onshore and the total offshore environments. The mean of the onshore 
group was higher than that of the offshore group. Within the onshore 
environments, a highly significant difference was found between 
marsh plus bay samples versus the levee plus channel samples. The mean 
of the onshore group was higher than that of the offshore group. Within 
the onshore environments, a highly significant difference was found 
between marsh plus bay samples versus the levee plus channel samples.
The mean of the marsh-bay was higher than the levee-channel. Within 
the low energy onshore environments, there was a significant difference 
between the marsh and bay with the marsh having a higher mean. There 
was no statistical difference between the high energy onshore environ­
ments, levee and channel. The offshore environments showed an uniform 
distribution of the total number of palynomorphs per gram of sediment 
and there was no statistical difference in the mean number of palyno­
morphs seaward from the mouth of the passes.
TABLE 13. Orthogonal comparisons based on absolute frequency distributions of palynomorphs. 
(*P ^  .05; **P^.01).
Comparisons_____________________________________ Mean Square F-test Statistic
Marsh+Bay+Channel+Levee vs Distributary Mouth Bar+distal Bar+Prodelta 36521783442.80 533.80**
March+Bay vs. Channel+Levee 15025910909.14 21.96**
March vs Bay 398449810.29 5.82*
Channel vs Levee 10883881.14 0.16
Distributary Mouth Bar vs Delta Front + Prodelta 2553000.60 0.04
Delta Front vs Prodelta 124731.50 0.02
Chapter 6 
Summary and Conclusions
Using the principles of experimental design, sediment samples 
were collected from each of the major physiographic environments of 
the Modern Mississippi River delta. Palynofloral analysis of the 
delta resulting from a count of 300 specimens per sample by means 
of a nested analysis of variance procedure, designed to determine 
which palynomorphs were environmentally significant in their 
distribution pattern, reduced the groups to 39 palynomorphs. The 
orthogonal comparison procedure was used to locate the specific 
environments that controlled the distribution of each statistically 
significant palynomorph.
The results of the total analysis of the palynomorphs 
(Chapter 5) allow conclusions to be made relating to the geologic 
importance of transporting medium, environmental control, provenance 
indicators, distance from shoreline, and biostratigraphic (temporal 
analysis) indicators.
Conclusions on Transporting Medium
The results of this investigation suggest running water is the 
principal transporting medium of the palynomorphs recovered. Parti­
cularly for those palynomorphs noted in Chapter 5, whose distribution 
patterns were statistically significant in the channel and/or levee
97
98
env i ronmiMits (Table II). Morphotypes 12 (Carya) and 119 (I’imis) are 
used as specific examples to illustrate this point. An abundant 
parent plant source for these miospores is at least 100 miles (160 km) 
from the delta. If aerial transport alone was responsible, then an 
even distribution in all environments would be expected. However, this 
is not the case as morphotype 12 has its greatest abundance in the 
channel and offshore environments. Morphotype 115 has a statistically 
greater abundance in the offshore environments.
Selective sorting by either hydraulic equivalence and/or equi­
valent radius is shown particularly by morphotypes 9, 91, 115, 150, 
and higher taxonomic groups Compositae, Chenopodiaceae, and saccate 
miospores with inflated air sacs. There is a gradual increase in 
abundance seaward for these miospore groups. This suggests the 
distributional pattern of certain miospore groups is controlled by 
their deposition according to the settling velocity of the miospore 
group. The same trend is shown in the absolute frequency of palyno­
morphs. Although, there is no significant difference in the abundance 
of palynomorphs per gram of sediment in the channel, distributary 
mouth bar, delta front, and prodelta environments, Figure 8 shows a 
gradual increase in abundance seaward.
Conclusions on Environmental Distributions
Miospore distributions in marsh and bay sediments are distin­
guished from those in channel, levee, distributary mouth bar, della 
front, and prodelta environments by having a greater number of palyno­
morphs per gram of sediment, by having fewer miospore morphotypes with 
more individuals within a given morphotype. The assemblages usually 
contain large numbers of morphotypes 104, 112, and 161. The plants
PRODELTA
H
DELTA FRONT[• >• —  » —  j
DISTRIBUTARY MOUTH BAR |« —  » ■»>« - I
CHANNEL |.   ~ -
f
LEVEE -•—  ' •
BAY































Total Palynomorphs Per Gram of Sediment (in thousands)
Figure 8. Absolute palynomorph abundance in different environments, Mississippi River delta.
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which produce morphotypes 1X2 (Alternanthera philoxeroides) and 161 
(Typha) are more or less restricted to the marsh environment. Although 
Typha is only a minor constituent (Table 2) of the marsh, the abundance 
of miospores of this taxon in marsh and bay sediments is probably the 
result of over-production of miospores by the parent plant. Morphotype 
104 is a Compositae, which is probably found predominately in the marsh.
Only morphotype 5 (Gramineae) was found to have a statistically 
significant abundance in marsh sediments. As previously noted in 
Chapter 5, this morphotype was also significant in the levee environment. 
The abundance of morphotype 5 in these environment is a reflection of 
the production of this miospore by various grasses which inhabit the 
marsh and levee environments, suggesting morphotype 5 is not transported 
very far from the parent plant source.
The miospore distribution in marsh sediments is usually character­
ized by the predominance of two or three morphotypes, which comprise 
about 50-65 percent of the individual specimens counted. However, the 
two or three dominant morphotypes varied from location to location with­
in the marsh environment. Usually the dominant miospores were morpho­
types 5, 25 (both Gramineae), 112 (Alternanthera philoxeroides), and 226 
(Sagittaria). These miospores reflect the dominant vegetation of the 
different marsh types within the Mississippi River delta, which are con­
trolled by differences in physiography, substrate, salinity, etc..
Bay sediments can be distinguished from marsh sediments in that 
the bays are characterized by a more varied palynofloral assemblages; 
i.e., a greater number of miospore morphotypes, particularly recycled 
and/or arboreal morphotypes when compared to marsh sediments. The 
recycled and arboreal morphotypes are introduced into the bay environ-
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menl by overbank flow during floods and/or storms, or the connection 
of the bays to distributary channels by crevasses. Thus the majority 
of recycled and arboreal miospores are transported into the bay 
environment by water currents. The abundance of grass (Gramineae) 
miospores and morphotypes 104, 112, and 161 produced by plants 
surrounding the bays reflect the importance of the local vegetation 
as particles in the sediments of this environment.
The channel, natural levee, and offshore environments 
(distributary mouth bar, delta front, and prodelta) are characterized 
by a large number of different morphotypes and fewer palynomorphs 
per gram of sediment. This reflects the effect of homogenization 
of morphotypes by water currents. Figure 8 shows there is a very 
little difference in the palynomorph abundance per gram of sediment 
among these environments. This again reflects the effect of homogen­
ization by the transporting medium.
The levee sediments are distinguished from the channel and 
offshore sediments by the greater number of grass miospores. The 
statistically significant abundance is partly due to the abundance of 
morphotypes 5 and 25, which had a statistically significant abundance 
in the levee. Although morphotype 112 (Alternanthera philoxeroides) 
has a greater abundance in the marsh and bay environments, it can 
be used to identify sediments of the levee environment when one has 
a diverse assemblage of morphotypes with a large number of morphotype 
112.
Within the onshore environments, the channel had the greatest 
number of Dinophyceae. Since these are marine organisms, this indi­
cates that many Dinophyceae in the Mississippi River delta are recycled
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forms. The* presence of Dinophyceae in the levee, marsh and hay 
sediments, which are probably recycled forms, is explained by overbank 
flow during,floods and/or storms.
The distribution of morphotypes 10, 12, 22, 91, 150, 152,
157, 174, 237, and 240 and the Compositae, Chenopodiaceae, Quercus, 
and Dinophyceae higher taxonomic groups indicates the connection of 
the channel and offshore environments. It is extremely difficult to 
differentiate the channel from the offshore environments. Reference 
to the distribution patterns shown in Tables 11 and 12 indicate the 
subtle differences that can be used to distinguish among these environ­
ments. For instance, the presence of morphotypes 9, 16, 45, 100, 104, 
115, 140, 204, 299, 335, and 385 as well as the saccate higher taxonomic 
group are useful in differentiating these environments.
Since six of the seven higher taxonomic groups used in this 
study were found to be statistically significant among environments 
(Table 12), these groups may be as useful in determining environmental 
distributional patterns as individual morphotypes. However, it may be 
necessary to perform the analyses on a larger number of higher taxonomic 
groups to determine how feasible this technique is. One advantage 
of using groups of higher taxa is reducing the time spent on data 
collection by having only a few taxonomic catagories. Thus the problems 
of separating miospores with similar morphology and the operator error 
induced by species misidentification of closely related morphotypes are 
reduced.
Variation Between Locations Within An Environment
By comparing the variance components in the analysis of variance
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tables In Appendix C, it Is noted for many morphotypes, there is more 
variation between locations within an environment than among environments. 
This variation is the result of the variety of depositional processes 
and/or vegetation in each environment, particularly the onshore environ­
ments. In Chapter Two,, several types of marshes and bays were describ­
ed. Associated with each marsh type is a set of physical conditions 
(salinity, topography, substrate, etc.) and vegetative growth. The 
changes in the dominant morphotypes between locations within the marsh 
environment mentioned earlier in this chapter reflect the differences in 
marsh types. Similarly, the different types of bays, such as bays 
surrounded by marsh and/or levee; bays connected to distributary 
channels by crevasses; bays open to marine processes acting in the 
Gulf of Mexico, presumably have different miospore assemblages. 
Unfortunately, the different sub-types of bays were not sampled as 
separate units in this study.
The variation in the abundance of palynomorphs per gram of sed­
iment in the marsh and bay environments (Figure 8) suggests that com­
paratively little transportation and redistribution has occurred.
These environments are closer to a parent plant source of the miospores 
(the marsh supports a flourishing vegetation) in comparison to the 
other environments, whose miospores are transported from the plant 
source. The effect of the transporting and depositional processes 
responsible for offshore environments is to homogenize and dilute the 
concentration of palynomorphs per gram of sediment. Thus, there is 
relatively little variation in absolute abundance of miospores in the 
channel, levee and offshore environments.
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In addition to the effect of transportation processes, the 
extreme variation in palynomorph abundance per gram of sediment in 
the marsh and bay environments may be due to the differences in 
vegetation in the types of marshes. Plants such as Alternanthera 
philoxeroides are under-producers of miospores, therefore, there would 
be fewer miospores perserved in sediments near these plants. The 
variation in absolute abundance of palynomorphs in the bays may be 
attributed to rather localized conditions; i.e., water depth, local­
ized currents, etc.. Since these conditions would not be the same 
from bay to bay, one might expect to find a large variation in absolute 
abundance of palynomorphs within the bay environment from location to 
location.
It was noted in the absolute frequency portion of this study 
that one of the channel samples had only about 500 palynomorphs per 
gram of sediment. Since the sample was composed of fine to medium 
well-sorted sand, it was interpreted as bedload material, probably a 
megaripple (dune) migrating along the channel bottom. Thus the 
extremely low abundance of palynomorphs per gram of sediment in some 
samples may be attributed to depositional/transporting processes within 
an environment.
Palynomorphs as Provenance Indicators
Recycled palynomorphs recovered during this investigation 
reflect the source area of the Mississippi River delta sediments. In 
some instances, these recycled forms have been described from restricted 
geographic areas of the North American continent. For example, morpho­
types 99 (Cranwellia striata) and 34 (Insulapollenites sp.) have been
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reported only from the northern interior portion of the United States 
and southern Alberta. Similarly, the recycled Carboniferous miospores 
suggest a source from the western Appalachians and/or midcontinent 
region of the United States (Illinois, southeastern Iowa, Missouri, 
eastern Kansas, Oklahoma, and Arkansas). Morphotype 100 (Pistilli- 
pollenites spp.) was described by Fairchild and Elsik (1964) as a common 
form in the Lower Tertiary sediments of the Gulf Coastal Plain. Norton 
and Hall (1967) described morphotype 273 (Styx) as a genus from the Upper 
Cretaceous-Lower Tertiary sediments of western Montana. Thus recycled 
palynomorphs, although usually statistically nonsignificant in environ­
mental determinations, are useful in determining the provenance of the 
sediments in a depositional basin. The use of this technique has been 
demonstrated by Christopher (1971) and McLean (1963). Christopher 
(1971) interpreted Carboniferous age miospores in Cretaceous age sedi­
ments in the subsurface of western Alabama as being derived from rocks 
in the southern Appalachians (Black Warrior Basin). McLean (1968) 
reported reworked Paleozoic and Mesozoic palynomorphs comprised up 
to 30 per cent of the total palynomorph assemblage in some samples of 
the Naheola Formation (Paleocene) of southwestern Alabama. He inter­
preted the majority of these reworked palynomorphs were derived from 
outcrops that were relatively close (few tens of miles) from the 
shoreline during Paleocene time in southwestern Alabama. Thus 
based the results of the studies above as well as the present study, 
geologists studying sediment dispersal and depositional. patterns may 
find pa.1yno.logy as useful in source area determinations as the more 
commonly used heavy mineral analysis.
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Distance From Shoreline
Although the absolute abundance of palynomorphs per gram of 
sediment did not clearly reveal difference among environments, a 
slight increase in abundance seaward is shown in Figure 8 • Stanley 
(1965b) noticed a similar trend in marine sediments off the south­
eastern coast of the United States. He suggested there is an increase 
in miospore abundance away from the shore to a maximum abundance about 
2-3 miles (3-5 km) off the coast. From the area of maximum concentration 
further seaward there is a decline in miospore abundance. By extending 
the lines of sampling further offshore this same trend might be observed 
in the Gulf of Mexico.
 The increase of Compositae, Chenopodiaceae, and saccate (Pinus)
miospores seaward also might be used to indicate the approximate position 
of the shoreline. Moreover, by using the specific morphotypes given 
in Table to identify the distributary mouth bar and delta front 
environments a further approximation of the shoreline may be possible 
in deltaic sequences.
Biostratigraphic Interpretations
As noted in Chapter 5, only seven morphotypes, whose distri­
butional patterns were not environmentally controlled, had an average 
abundance per environment of greater than one per cent of all the indi­
viduals counted in the study. These taxa might prove useful in temporal 
(biostratigraphic) analyses. However, the value of two morphotypes 118 
(poorly preserved saccate) and 226 (Sagittaria), in such analyses is 
questionable. The poorly preserved saccate forms are miospores which 
could not be classified into any of the identifiable saccate morphotype 
groups. Since this groups is composed of unidentifiable miospores, it
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would have very little value in b Lostrat igraplvi c. determinations.
Morphotype 226 Ls one of the dominanL miospore (about 50 per cent of the 
total assemblage) in certain marsh samples. It is a very minor constituent 
(less than one per cent) in the other environments. Thus the abundance 
of Morphotype 226 in two or three marsh samples gives it more than 294 
individuals (Chapter 5) necessary to comprise more than one per cent of 
the total number of specimens counted in the entire study. Therefore, 
its use in biostratigraphic analyses is probably very limited.
It should be especially noted here that only 5 of the 361 
morphotype groups identified in the present investigation have possible 
value in temporal analyses. This indicates the biostratigraphically 
important palynomorphs comprise only a very small portion of the total 
palynofloral assemblage in a deltaic sequence. Thus the number of 
plant groups that can be used as guide fossils are a minor part of 
the total vegetation in a given region. This important concept should 
always be kept in mind by any geologists who works in palynobiostrati­
graphy .
Additional Analyses to be Completed
In tabulating the relative frequency of taxa in the samples 
studied, a separate count was made, at the same time, of the number of 
exotic miospores introduced for the absolute abundance study- Although 
the latter data were not analysed in this investigation, they are 
included in Appendix E. It is suggested these raw data counts be 
converted to absolute abundance of each morphotype per gram of sediment 
using the procedure described in Chapter Four. The converted absolute 
abundance data should be analysized according to the statistical 
design (nested analysis of variance procedure with hierarchial arrange-
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ment of treatments) used in this study, which also was described in 
Chapter Four. If any morphotypes are environmentally significant, the 
analysis should be continued with the orthogonal comparison procedure 
to determine the environments causing the statistically significant 
differences.
Future Extensions of This Investigation
During the course of this investigation, the need for more 
research in certain areas became apparent, particularly to define 
more completely the variation in miospore distribution patterns 
among environments. Thus controls would hopefully be established 
that would allow the investigator to make better estimates in dis­
tinguishing between two environments, which have similar palynomorph 
distribution patterns. In some instances, the distribution patterns 
of morphotypes were statistically significant among environments in 
spite of the significant variation among locations within an environ­
ment. However, the variation in miospore distribution patterns was 
often so great among locations within an environment that it obscured 
any variation among environments. Some miospores may prove environmen­
tally significant if only the variation among locations within an 
environment could be reduced. In order to reduce this variation within 
an environment, future investigations should define more completely the 
sub-types of each environment, particularly the natural levee, marsh 
and bay environments. This would allow more accurate environmental 
analysis of miospore distribution patterns, resulting in more meaning­
ful interpretations among environments.
The limited number of higher taxonomic groups used in this
1.09
investigation Indicated these categories often showed statistically 
significantly distribution patterns among environments. It is 
suggested that higher taxonomic groups may prove very useful in 
reconnaissance studies because of the rapidity with which samples can 
be counted when only higher groups are used. If more detailed results 
are needed, individual morphotypes can be counted.
As noted in Chapter Five, the recycled palynomorphs could 
be one of the more meaningful groups in determining differences in 
palynomorph distribution patterns among environments. It is recommended 
that a detailed taxonomic study be made on the palynomorph morphotypes 
recovered during this investigation; i.e., each morphotype be identified 
to at least the generic level and its stratigraphic age be determined. 
Thus all recycled palynomorphs would be classified. By using the 
statistical procedures in Chapter Four, the environmental significance 
of the recycled palynomorph group could be determined. By having all 
palynomorphs identified, it would then be possible to construct all 
possible higher taxonomic groups and their environmental significance 
could be then determined using the same statistical procedures used in 
this study. x
Although not all types of fungal material were tabulated in this 
investigation, the author noticed certain forms were common in some 
samples. If recorded as part of the total palynomorph assemblage, these 
fungi could be important in determining environmental differences. It 
Ls suggested all fungal, types be included in future investigations in 
deltaic sequence. Another possible environmental indicator noted, but 
not included in the counts were the different types of tracheids.
These likewise might prove useful in future investigations.
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EXPLANATION OF PLATE I
(all figures magnified 750X)
Figure 1. Mo rphotype 146; Slide 6491-1.
Figure 2. Morphotype 371; Slide 6507-1.
Figure 3. Morphotype 6; Slide 6501-1.
Figure 4. Morphotype 7; Slide 6455-1.
Figure 5. Morphotype 5; Slide 6450-2.
Figure 6. Morphotype 25; Slide 6490-1.
Figure 7. Morphotype 26; Slide 6523-2.
Figure 8. Morphotype 6; Slide 5840-1.
Figure 9. Morphotype 195; Slide 6495-1.
Figure 10. Morphotype 2; Slide 6454-2.
Figure 11. Morphotype Ill; Slide 6497-1.
Figure 12. Morphotype Ill; Slide 6452-1.
Figure 13. Morphotype 161; Slide 6532-1.
Figure 14. Morphotype 258; Slide 6459-1.
Figure 15. Morphotype 198; polar view; Slide 6517-1
Figure 16. Morphotype 198; polar view; Slide 6498-1
Figure 17. Morphotype 17; polar view; Slide 6498-4.
Figure 18. Morphotype 308; Slide 6483-2.
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EXPLANATION OF PIiATE 2
(all figures magnified 750X)
Figure 1. Morphotype 174 ; polar view; Slide 6524-1.
Figure 2. Morphotype 174 ; polar view; Slide 6970-1.
Figure 3. Morphotype 22; polar focus; Slide 6451-3.
Figure 4. Morphotype 22; equatorial focus; Slide 6451-3
Figure 5. Morphotype 21; polar focus; Slide 6510-1.
Figure 6. Morphotype 21; polar focus; Slide 5840-1.
Figure 7. Morphotype 20; Slide 6458-1.
Figure 8. Morphotype 152 ; Slide 6497-1.
Figure 9. Morphotype 157 ; Slide 6450-1.
Figure 10. Morphotype 150; Slide 6511-1.
Figure 11. Morphotype 19; Slide 6046-1.
Figure 12. Morphotype 27; Slide 6528-1.
Figure 13. Morphotype 18; polar focus; Slide 5840-1.
Figure 14. Morphotype 18; Slide 6477-1.
Figure 15. Morphotype 149 ; polar focus; Slide: 5874-1.
Figure 16. Morphotype 169 ; polar focus; Slidei 6466-1.
Figure 17. Morphotype 93; polar focus; Slide 6487-1.
Figure 18. Morphotype 324; equatorial view; Slide 6454-2
Figure 19. Morphotype 186 ; Slide 6489-1.
Figure 20. Morphotype 112 ; Slide 6452-1.
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EXPLANATION OF PLATE 3
(all figures magnified 750X)
Figure 1. Morphotype 165; polar view; Slide 6453-2.
Figure 2. Morphotype 28; polar view; Slide 6495-1.
Figure 3. Morphotype 15; polar view; Slide 6464-1.
Figure 4. Morphotype 12; polar view; Slide 6517-1.
Figure 5. Morphotype 303; oblique polar view; Slide 6453-1.
Figure 6. Morphotype 151; polar view; Slide 6486-2.
Figure 7. Morphotype 234; polar view; Slide 6457-1.
Figure 8. Morphotype 244; polar view; Slide 6050-1.
Figure 9. Morphotype 16; polar view; Slide 6493-1.
Figure 10. Morphotype 147; polar view; Slide 6451-1.
Figure 11. Morphotype 280; polar view; Slide 6469-1.
Figure 12. Morphotype 13; polar view; Slide 6486-1.
Figure 13. Morphotype 219; polar view, equatorial focus; Slide 6531-1
Figure 14. Morphotype 343; polar view; Slide 6472-1.
Figure 15. Morphotype ii; polar view, equatorial focus; Slide <6465-1.
Figure 16. Morphotype 443; polar view; Slide 6531-1.
Figure 17. Morphotype 378; polar view, equatorial focus; Slide 6530-1
Figure 18. Morphotype 322; polar view, equatorial focus; Slide 6508-1











































FXPLANAT LON OF PTA'L'K 4
(all figures magnified 750X)
419; polar view, polar focus; Slide 6521-1.
163; polar view; Slide 6451-1.
318; polar view; Slide 6506-1.
430; polar view; Slide 6482-1.
215; polar view; Slide 6455-1.
182; polar view; Slide 6485-1.
100; polar view, polar focus; Slide 6480-1.
100; polar view; Slide 6467-1.
247; polar view, equatorial focus; Slide 6480-1. 
226; Slide 6473-1.





























EXPLANATION OF PLATE 5
(all figures magnified 750X)
Figure 1. Morphotype 183; oblique equatorial view, focus on aperture
Slide 6485-1.
Figure 2. Morphotype 23; oblique polar view; Slide 6501-1.
Figure 3. Morphotype 342; polar view; Slide 6512-1.
Figure 4. Morphotype 31; oblique polar view; Slide 6507-1.
Figure 5. Morphotype 335; polar view; Slide 6466-1.
Figure 6. Morphotype 201; polar view; Slide 6454-1.
Figure 7. Morphotype 141; polar view; Slide 6050-2.
Figure 8. Morphotype 114; polar view; Slide 6560-1.
Figure 9. Morphotype 89; polar view; Slide 6466-1.
Figure 10. Morphotype 90; polar view; Slide 6515-1.
Figure 11. Morphotype 177; equatorial view; Slide 6468-1.
Figure 12. Morphotype 80; equatorial view; Slide 6475-1.
Figure 13. Morphotype 229; equatorial view; Slide 6478-1.
Figure 14. Morphotype 229; equatorial view; Slide 6480-1.
Figure 15. Morphotype 407; equatorial view; Slide 6508-1.
Figure 16. Morphotype 249; equatorial view; Slide 6456-1.
Figure 17. Morphotype 335; equatorial view, focus on apertures;
Slide 6470-1.
Figure 18. Morphotype 229; equatorial view, focus on apertures;
Slide 6525-1.
Figure 19. Morphotype 418; equatorial view; Slide 6520-1.
Figure 20. Morphotype 227; equatorial view; Slide 6507-1.
Figure 21. Morphotype 263; equatorial view; Slide 6465-1.
Figure 22. Morphotype 230; equatorial view; Slide 6503-1.
Figure 23. Morphotype 87; equatorial view; Slide 5840-1.
Figure 24. Morphotype 97; equatorial view; Slide 6521-1.
Figure 25. Morphotype 410; equatorial view; Slide 6501-1.
Figure 26. Morphotype 429; equatorial view; Slide 6475-1.
Figure 27. Morphotype 409; oblique polar view; Slide 6501-1. 
Figure 28. Morphotype 405; equatorial view; Slide 6511-1. 
Figure 29. Morphotype 1; equatorial view; Slide 6491-1.
Figure 30. Morphotype 350; equatorial view; Slide 6524-1.
PLATE 5
EXPLANATION OF PLATE 6
(all figures magnified 750X)
Figure 1. Morphotype 237; equatorial view; Slide 6462-1.
Figure 2. Morphotype 240; equatorial view; Slide 6462-1.
Figure 3. Morphotype 86; equatorial view; 6466-1.
Figure 4. Morphotype 14; oblique equatorial view; Slide 6496-1. 
Figure 5. Morphotype 412; oblique equatorial view; Slide 6494-1. 
Figure 6. Morphotype 337; equatorial view; Slide 6483-1.
Figure 7. Morphotype 98; equatorial view; Slide 6462-2.
Figure 8. Morphotype 259; polar view; Slide 6459-1.
Figure 9. Morphotype 85; oblique equatorial view; Slide 6537-1. 
Figure 10. Morphotype 155; equatorial view; Slide 6457-1.
Figure 11. Morphotype 95; polar view; Slide 6455-2.
Figure 12. Morphotype 94; polar view; Slide 6512-1.
Figure 13. Morphotype 432; polar view; Slide 6517-1.
Figure 14. Morphotype 411; equatorial view; Slide 6514-1.
Figure 15. Morphotype 328; equatorial view; Slide 6463-1.
Figure 16. Morphotype 431; equatorial view; Slide 6484-1.
Figure 17. Morphotype 83; equatorial view; Slide 6046-1.
Figure 18. Morphotype 336; polar view; Slide 6469-1.
Figure 19. Morphotype 4; oblique polar view; Slide 6530-1.
Figure 20„ Morphotype 103; equatorial view; Slide 6042-1.
Figure 21. Morphotype 96; polar view; Slide 6462-2.
Figure 22. Morphotype 442; polar view; Slide 6558-1.




KXPLANATION OF PIATI'l 7
(alI figures magnified 750X)
Figure 1. Morphotype 276; polar view, equatorial focus; Slide 6483-2 
Figure 2. Morphotype 91; polar view, equatorial focus; Slide 6529-1. 
Figure 3. Morphotype 293; equatorial view, equatorial focus; Slide 
6476-1.
Figure 4. Morphotype 104; oblique polar view; Slide 6472-1.
Figure 5. Morphotype 191; oblique polar view; Slide 6450-1.
Figure 6. Morphotype 374; polar view, equatorial focus; Slide 6529-1
Figure 7. Morphotype 170; oblique polar view; Slide 6456-2.
Figure 8. Morphotype 330; polar view, equatorial focus; Slide 6533-L
Figure 9. Morphotype 99; polar view; polar focus; Slide 6472-2.
Figure 10. Morphotype 10; polar view; Slide 6554-1.
Figure 11. Morphotype 92; polar view; Slide 6497-1.
Figure 12. Morphotype 92; oblique polar view; Slide 6493-1.
Figure 13. Morphotype 354; polar view; Slide 6483-1.
Figure 14. Morphotype 427; oblique polar view; Slide 6560-1.
Figure 15. Morphotype 355; equatorial view; Slide 6526-1.
Figure 16. Morphotype 440; equatorial view; Slide 6551-1.
Figure 17. Morphotype 417; equatorial view; Slide 6520-1.
Figure 18. Morphotype 319; equatorial view; Slide 6507-1.
Figure 19. Morphotype 294; oblique equatorial view; Slide 6476-1. 
Figure 20. Morphotype 424; polar view; Slide 6467-1.
Figure 21. Morphotype 158; polar view; Slide 6450-1.
Figure 22. Morphotype 248; polar view; Slide 6459-1.




EXPLANATION OF PLATE 8
(all figures magnified 750X)
Figure 1. Morphotype 108; equatorial view; Slide 6450-2.
Figure 2. Morphotype 332; equatorial view; Slide 6464-1.
Figure 3. Morphotype 231; equatorial view; Slide 6503-2.
Figure 4- Morphotype 250; oblique equatorial view, focus on uppermost
aperture; Slide 6054-1.
Figure 5. Morphotype 250; oblique equatorial, view, focus on lowermost
aperture; Slide 6469-1.
Figure 6. Morphotype 341; equatorial view; Slide 6471-1.
Figure 7. Morphotype 173; equatorial view; Slide 6451-1.
Figure 8. Morphotype 102; equatorial view; Slide 6505-2.
Figure 9. Morphotype 288; equatorial view; Slide 6471-1.
Figure 10. Morphotype 434; equatorial view; Slide 6517-1.
Figure 11. Morphotype 401; equatorial view; Slide 6523-3.
Figure 12. Morphotype 421; equatorial view; Slide 6534-1.
Figure 13. Morphotype 349; equatorial view; Slide 6477-1.
F igure 14. Morphotype 241; equatorial view; Slide 6456-1.
Figure 15. Morphotype 364; equatorial view; Slide 6491-2.
Figure 16. Morphotype 272; equatorial view; Slide 6487-1.
Figure 17. Morphotype 357; equatorial view; Slide 6483-2.
Figure 18. Morphotype 404; equatorial view; Slide 6528-1.
Figure 19. Morphotype
6467-1.
160; equatorial view, focus on aperture; Slide
Figure 20. Morphotype 190; equatorial view; Slide 6453-1.
Figure 21. Morphotype 24; polar view; Slide 6450-1
Figure 22. Morphotype 435; equatorial view; Slide 6450-1
Figure 23. Morphotype 406; equatorial view; Slide 6519-1
Figure 24. Morphotype 449; equatorial view; Slide 6531-1
Figure 25. Morphotype 400; polar view; Slide 6513-1.
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PLATE 8
EXPLANATION OF PLATE 9
(all figures magnified 750X)
Figure 1. Morphotype 88; equatorial view; Slide 6470-1.
Figure 2. Morphotype 445 equatorial view Slide 6531-1.
Figure 3. Morphotype 439 equatorial view Slide 6552-1.
Figure 4. Morphotype 420 equatorial view Slide 6528-1.
Figure 5. Morphotype 444 equatorial view Slide 6531-1.
Figure 6. Morphotype 246 equatorial view Slide 6470-1.
Figure 7. Morphotype 368 equatorial view Slide 6496-1.
Figure 8. Morphotype 209 equatorial view Slide 6454-1.
Figure 9. Morphotype 381 equatorial view Slide 6537-1.
Figure 10. Morphotype 115 equatorial view Slide 5840-1.
Figure 11. Morphotype 115 distal polar view; Slide 6493-1
Figure 12. Morphotype 279 distal polar view; Slide 6469-1
Figure 13. Morphotype 286 distal polar view; Slide 6470-1
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PLATE 9
EXPLANATION OF PLATE 10
(all figures magnified 750X)
Figure 1. Morphotype 334; oblique equatorial view; Slide 6465-1.
Figure 2. Morphotype 204; distal polar view, polar focus; ISlide
6454-1.
Figure 3. Morphotype 120; oblique distal polar view; Slide 5840-1.
Figure 4. Morphotype 118; oblique distal polar view; Slide 6470-1.
Figure 5. Morphotype 369; distal polar view; Slide 6497-1.
Figure 6. Morphotype 119; oblique distal polar view; Slide 6458-1.


















EXPLANATION OF PLATE II
(all figures magnified 750X)
1. Morphotype 352; distal polar view; Slide 6450-1.
2. Morphotype 71; equatorial view; Slide 6468-1.
3. Morphotype 154; equatorial view; Slide 6450-2.
4. Morphotype 254; proximal polar view, polar focus; Slide 
6528-1.
5. Morphotype 254; proximal polar view, equatorial focus; 
Slide 6528-1.
6. Morphotype 176; equatorial view; Slide 6525-1.
7. Morphotype 73; proximal polar view, equatorial focus;
Slide 5840-1.
8. Morphotype 73; proximal polar view, polar focus; Slide 
5840-1.
9. Morphotype 377; equatorial view; Slide 6526-1.
10. Morphotype 326; equatorial view; Slide 6516-1.
11. Morphotype 72; equatorial view; Slide 6484-1.
12. Morphotype 72; equatorial view; Slide 6505-1.
13. Morphotype 72; equatorial view; Slide 6493-1.




EXPLANATION OF PLATE 12
(all figures magnified 750X)
Figure 1. Morphotype 317; distal polar view; Slide 6505-1.
Figure 2. Morphotype 438; oblique proximal polar view; Slide 6558-1.
Figure 3. Morphotype 40; oblique proximal polar view; Slide 6459-1.
Figure 4. Morphotype 361; proximal polar view; Slide 6462-1.
Figure 5. Morphotype 385; proximal polar view; Slide 6539-1.
Figure 6. Morphotype 59; proximal polar view; Slide 6469-1.
Figure 7. Morphotype 260; proximal polar view; Slide 6483-2.
Figure 8. Morphotype 398; proximal polar view; Slide 6510-1.
Figure 9. Morphotype 57; proximal polar view; Slide 6554-1.
Figure 10. Morphotype 298; proximal polar view; Slide 6482-1.
Figure 11. Morphotype 56; proximal polar view; Slide 6482-1.
Figure 12. Morphotype 36 ; proximal polar view; Slide 6479-3.
Figure 13. Morphotype 327; proximal polar view; Slide 6525-1.
Figure 14. Morphotype 38; proximal polar view; Slide 6471-1.
Figure 15 . Morphotype 82; proximal polar view; Slide 6452-1.
Figure 16. Morphotype 345; proximal polar view; Slide 6474-1.
Figure 17. Morphotype 391; proximal polar view; Slide 6498-5.
Figure 18. Morphotype 45; proximal polar view; Slide 6459-1.
Figure 19. Morphotype 333; proximal polar view; Slide 6465-1.
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EXPLANATION OF PTATIi 13
(all figures magnified 750X)
Figure 1. Morphotype 359; proximal polar view; Slide 6470-1.
Figure 2. Morphotype 387; proximal polar view; Slide 6450-1.
Figure 3. Morphotype 396; proximal polar view; Slide 6494-1.
Figure 4. Morphotype 386; proximal polar view; Slide 6477-1.
Figure 5. Morphotype 386; proximal polar view; Slide 6550-1.
Figure 6. Morphotype 54; proximal jolar view; Slide 5485-1.
Figure 7. Morphotype 29; proximal jolar view; Slide 6530-1.
Figure 8. Morphotype 388; proximal polar view; Slide 6461-1.




EXPLANATION OF PLATE 14
(all figures magnified 750X)
Figure 1. Morphotype 295; proximal polar view; Slide 6481-1.
Figure 2. Morphotype 44; proximal polar view; Slide 5104-1.
Figure 3. Morphotype 225; oblique proximal polar view; Slide 6457-1.
Figure 4. Morphotype 37; proximal polar view; Slide 6537-1.
Figure 5. Morphotype 50; proximal polar view; Slide 6478-1.
Figure 6. Morphotype 415; proximal polar view; Slide 6515-2.
Figure 7. Morphotype 373; proximal polar view; Slide 6516-1.
Figure 8. Morphotype 301; distal polar view; Slide 6462-1.
Figure 9. Morphotype 301; distal polar view; Slide 6519-1.
Figure 10. Morphotype 291; proximal polar view; Slide 6472-1.
Figure 11. Morphotype 425; distal polar view, polar focus; Slide 6042-1.
Figure 12. Morphotype 425; distal polar view, equatorial focus;
Slide 6042-1.
Figure 13. Morphotype 379; proximal polar view; Slide 6533-1.
Figure 14. Morphotype 416; distal polar view; Slide 6515-2.
Figure 15. Morphotype 306; distal polar view, equatorial focus;
Slide 6483-1.
Figure 16. Morphotype 306; distal polar view, polar focus; Slide 6483-1.
Figure 17. Morphotype 325; proximal polar view; Slide 6523-1.
Figure 18. Morphotype 448; proximal polar view; Slide 6560-1.
Figure 19. Morphotype 389; proximal polar view; Slide 6468-1.
Figure 20. Morphotype 65; proximal polar view; Slide 6493-3.
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EXPLANATION OF PLATE 15
(all figures magnified 750X)
Figure 1. Morphotype 53; distal polar view; Slide 6498-1.
Figure 2. Morphotype 316; proximal polar view; Slide 6504-1.
Figure 3. Morphotype 41; proximal polar view; Slide i6525-1.
Figure 4. Morphotype 70; medial view; Slide 6463-2.
Figure 5. Morphotype 136; proximal polar view; Slide 6469-1.
Figure 6. Morphotype 310; proximal polar view; Slide 6492-1.
Figure 7. Morphotype 34; proximal polar view; Slide i6468-1.
Figure 8. Morphotype 436; proximal polar view; Slide 6054-1.
Figure 9. Morphotype 447; oblique proximal polar view; Slide 6554-
Figure 10. Morphotype 245; distal polar view; Slide 6456-1.
Figure 11. Morphotype 346; distal polar view; Slide 6476-1.
Figure 12. Morphotype 441; proximal polar view; Slide 6558-1.
Figure 13. Morphotype 51; proximal polar view; Slide 5874-2.
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(all figures magnified 750X)
1. Morphotype 64; proximal polar view; Slide 6486-1.
2. Morphotype 399; distal polar view; Slide 6478-1.
3. Morphotype 312; distal polar view, equatorial focus;
Slide 6496-1.
4. Morphotype 312; distal polar view, polar focus; Slide
6496-1.
5. Morphotype 63; oblique proximal polar view; Slide 6469-2.
6. Morphotype 296; oblique proximal polar view; Slide 6479-1.
7. Morphotype 393; distal polar view; Slide 6499-1.
8. Morphotype 69; oblique proximal polar view; Slide 6514-1.
9. Morphotype 67; oblique distal polar view; Slide 6497-1.
10. Morphotype 287; proximal polar view, equatorial focus;
Slide 6513-1.
11. Morphotype 216; proximal polar view, equatorial focus;
Slide 6455-1.
12. Morphotype 347; proximal polar view; Slide 6476-1.
13. Morphotype 380; distal polar view; Slide 6537-1.





EXPLANATION OF PTATK 17
(all figures magnified 750X)
Figure 1. Morphotype 47; proximal polar view, equatorial focus;
Slide 5840-1.
Figure 2. Morphotype 47; proximal polar view, polar focus; Slide
5840-1.
Figure 3. Morphotype 309; proximal polar view; Slide 6483-2.
Figure 4. Morphotype 243; proximal polar view; Slide 6456-1.
Figure 5. Morphotype 428; proximal polar view; Slide 6042-1.
Figure 6. Morphotype 264; oblique proximal polar view; Slide 6462-1
Figure 7. Morphotype 166; proximal polar view; Slide 6510-1.
Figure 8. Morphotype 76; proximal polar view; Slide 6450-1.
Figure 9. Morphotype 262; proximal polar view; Slide 6462-1.
Figure 10. Morphotype 384; proximal polar view; Slide 6539-1.
Figure 11. Morphotype 255; proximal polar view; Slide 6474-1.
Figure 12. Morphotype 197; oblique proximal polar view; Slide 6489-1
Figure 13. Morphotype 30; proximal polar view; Slide 5874-1.
Figure 14. Morphotype 79; proximal polar view; Slide 6450-2.
Figure 15. Morphotype 203; proximal polar view; Slide 6454-1.
Figure 16. Morphotype 382; proximal polar view; Slide 6539-1.
Figure 17. Morphotype 60; proximal polar view; Slide 6453-1.
Figure 18. Morphotype 261; distal polar view; Slide 6459-1.
Figure 19. Morphotype 394; distal polar view; Slide 6501-1.
PLATE 17
EXPLANATION OF PLATE 18
(all figures magnified 750X)
Figure 1. Morphotype 171; proximal polar view; Slide 6451-1.
Figure 2. Morphotype 395; proximal polar view; Slide 6501-1.
Figure 3. Morphotype 78; proximal polar view; Slide 6451-1.
Figure 4. Morphotype 32; proximal polar view; Slide 5874-1.
Figure 5. Morphotype 33; proximal polar view; Slide 6482-2.
Figure 6. Morphotype 66; proximal polar view; Slide 6464-1.
Figure 7. Morphotype 403; proximal polar view; Slide 6512-1.
Figure 8. Morphotype 58; proximal polar view; Slide 6453-1.
Figure 9. Morphotype 270; proximal polar view; Slide 6462-1.
Figure 10. Morphotype 433; proximal polar view; Slide 6517-1.
Figure 11„ Morphotype 238; proximal polar view; Slide 6456-1.
Figure 12. Morphotype 49; proximal polar view; Slide 6482-3. 
Figure 13. Morphotype 46; distal polar view; Slide 6505-1. 
Figure 14. Morphotype 116; proximal polar view; Slide 6510-1.
Figure 15. Morphotype 281; proximal polar view; Slide 6531-1.
Figure 16. Morphotype 208; proximal polar view; Slide 6454-1.











EXPLANATION OF PLATE 19
(all figures magnified 750X)
Morphotype 68; proximal polar view; Slide 6483-1. 
Morphotype 68; proximal polar view; Slide 6460-1. 
Morphotype 313; proximal polar view; Slide 6496-1. 
Morphotype 52; proximal polar view; Slide 6463-2. 
Morphotype 392; distal polar view, polar focus; Slide 
6499-1.
Morphotype 426; proximal polar view; Slide 6050-2. 
Morphotype 144; polar view; Slide 6450-2.
Morphotype 214; polar view; Slide 6455-1.
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EXPLANATION OF PLATE 20
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EXPLANATION OF PLATE 21
(all figures magnified 750X)
Figure 1. Morphotype 123; Slide 6482-1
Figure 2. Morphotype 123; Slide 6517-1
Figure 3. Morphotype 239; Slide 6456-1
Figure 4. Morphotype 122; Slide 6466-1
Figure 5 „ Morphotype 266; Slide 6462-1
Figure 6. Morphotype 126; Slide 6463-1
Figure 7. Morphotype 127; Slide 6468-1
Figure 8. Morphotype 121; Slide 6468-2
PLATE 21
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EXPLANATION OF PiATK 22
(alJ figures magnified 750X)
Figure 1. Morphotype 138; Slide 6450-2
Figure 2. Morphotype 129; Slide 6530-1
Figure 3. Morphotype 300; Slide 6480-1
Figure 4. Morphotype 125; Slide 5840-1
Figure 5. Morphotype 340; Slide 6471-1
Figure 6. Morphotype 130; Slide 6482-2
Figure 7. Morphotype 137; Slide 6486-2
Figure 8„ Morphotype 132; Slide 6450-1







EXPLANATION OF PLATE 23
(all figures magnified 750X)
Morphotype 446; Slide 6530-1.
Morphotype 128; Slide 6498-1.
Morphotype 257; polar focus; Slide 6459-1. 
Morphotype 257; equatorial focus; Slide 6459-1 




EXPLANATION OF PLATE 24
(all figures magnified 750X)
Figure 1. Morphotype 159; Slide 6517-1.
Figure 2. Morphotype 275; Slide 6466-1.
Figure 3. Morphotype 164; Slide 6451-1.
Figure 4. Morphotype 278; Slide 6469-1.
Figure 5. Morphotype 168; Slide 6451-1.
Figure 6. Morphotype 397; Slide 6494-1.
Figure 7. Morphotype 221; Slide 6455-1.
Figure 8. Morphotype 323; Slide 6511-1.
Figure 9. Morphotype 178; Slide 6505-2.
Figure 10. Morphotype 199; Slide 6453-1.
Figure 11. Morphotype 311; Slide 6497-1.
Figure 12. Morphotype 353; Slide 6481-1.
Figure 13. Morphotype 346; distal polar view; Slide 6476-1





EXPLANATION OF PLATE 25
(all figures magnified 750X)
Figure 1. Morphotype 180; Slide 6451-1.
Figure 2. Morphotype 196; Slide 6453-1.
Figure 3. Morphotype 251; Slide 6458-1.
Figure 4. Morphotype 268; Slide 6462-1.
Figure 5. Morphotype 77; Slide 6450-2.
Figure 6. Morphotype 348; Slide 6476-1.
Figure 7. Morphotype 110; Slide 6470-1.
Figure 8. Morphotype 235; Slide 6457-1.
Figure 9. Morphotype 206; Slide 6454-1.
Figure 10. Morphotype 256; Slide 6458-2.
Figure 11. Morphotype 55; proximal polar view; Slide 6494-2*
Figure 12. Morphotype 188; Slide 6453-1.
Figure 13. Morphotype 153; Slide 6450-2.
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The following appendix is a supplement to the photographs of 
the morphotypes given in Plates 1-25 in Volume One. The descriptions 
are keyed to the photographs by the plate and figure number, and also 
keyed to the microscope slide collection of morphotypes by specifying 
the palynological assemblage number followed by the slide number; 
e.g., 6530-1 and 6482-2. The microscope slides are deposited in the 
Palynological Collection of the Department of Geology. The total 
number of individuals of each morphotype observed in this study are 
included as total count. The symbol "u" is used throughout this 
appendix for microns.
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MORPHOTYPE 1 Plate 5, Figure 29
Reference specimen: 6491-1 Count: 6
Trlcolpate, elongate furrows extend to poles with no thickening of 
exine along margins; spherical to prolate in equatorial position; 
exine 2.0-2.5u thick; reticulate sculpture, lumina 0.5-1.On wide, 
muri less than 0.5u high and 0.5u wide; size 20 x 15u.
MORPHOTYPE 2 Plate 1, Figure 10
Reference specimen: 6454-1 Count: 61
Inaperturate?; elliptical shaped, one end usually not tapered, exine, 
1.0-1.5u thick; scabrate sculpture; size 47.7 x 30.7u.
Affinity: Family Cyperaceae (Sedge)
MORPHOTYPE 4 Plate 6, Figure 19
Reference specimen: 6530-1 Count: 3
Tricolpate, elongate furrows extend to poles with no thickening of 
exine along margins; prolate in equatorial view; exine, 2.0-2.5u 
thick; reticulate sculpture, lumina about 3u wide, muri, 0.5-1.0u 
wide, 1.0-1.5u high; size 39.8 x 30.7u.
Remarks: Distinguished from morphotype 1 by larger size and higher muri.
MORPHOTYPE 5 Plate 1, Figure 5
Reference specimen: 6450-2 Count: 1380
Monoporate, pore circular, 2-3u in diameter, exine thicken around 
pore, annulus 4.0-4.5u in diameter; circular outline, often folded; 
exine l.Ou thick; smooth sculpture; size 23-28u in diameter.
Affinity: Family Gramineae
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MORPHOTYPE 6 Plate 1, Figure 3
Reference specimen: 6501-1 Count: 377
Monoporate, pore circular to slightly elliptical in outline, diameter
2-4u, exine thicken around pore, annulus diameter 5-7u; circular 
outline; exine 0.5-1.0u thick; smooth sculpture; size 28-32u in 
diameter.
Affinity: Family Gramineae
Remarks: Distinguished by larger size and slightly thicker annulus
from morphotype 5.
MORPHOTYPE 7 Plate 1, Figure 4
Reference specimen: 6455-1 Count: 21
Monoporate, pore circular in outline, 2-3u in diameter, exine thickened 
around the pore, annulus diameter 4-5u, annulus height 2-3u; circular 
outline; exine l.Ou thick; smooth sculpture; size 25-30u in diameter. 
Affinity: Family Gramineae
Remarks: Characterized by very thick annulus, differentiating it from
morphotypes 5, 6, 25, 26.
MORPHOTYPE 8 Plate 3, Figure 19
Reference specimen: 6531-1 Count: 16
Triporate, pores evenly spaced around the equator, at the apices of 
the triangle pore canal, 0.5u wide, and extend from pore opening into 
central area; exine thickened in pore area forming a protuberance; 
smooth sculpture; size 22.7u in diameter.
Affinity: cf. Nudopollis sp.
Remarks: This morphotype is typically represented by corroded specimens.
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MORPHOTYPE 9 Plate 4, Figure 11
Reference specimen: 6496-1 Count: 71
Triporate, pores evenly spaced along equator at the apices of the 
triangle, each pore circular to slightly elliptical, diameter 2-3u, 
exine thickened around pore; subtriangular outline in polar view; 
exine 1.0-1.5u thick; sculpture smooth; size 22-26u in diameter. 
Affinity: cf. Corylus sp.
MORPHOTYPE 10 Plate 7, Figure 10
Reference specimen: 6554-1 Count: 12
Tricolpate, elongate furrows 6-8u long, evenly spaced around the
equator; subtriangular to circular outline in polar view; exine 
0.5-1.0u thick; smooth sculpture; size 27.3u in diameter.
Affinity: Kurtzipites sp.
MORPHOTYPE 11 Plate 3, Figure 15
Reference specimen: 5104-1 Count: 11
Triporate, pores circular in outline, diameter 1.5-2.0u, evenly 
spaced around the equator; subtriangular outline in polar view; 
smooth sculpture; size 16-18u in diameter.
Affinity: cf. Alnus trina Stanley 1965
MORPHOTYPE 12 Plate 3, Figure 4
Reference specimen: 6517-1 Count: 628
Triporate, 3-4 pores circular to slightly elliptical in outline, 
diameter 3-4u, evenly spaced around grain, usually all on one 
hemisphere just above equator; circular outline in polar view; 
exine 2-3u thick; smooth to scabrate sculpture; size 35-45u in diameter. 
Affinity: Carya sp.
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MORPHOTYPE 13 Plate 3, Figure 12
Reference specimen: 6486-1 Count: 3
Triporate, pores evenly spaced around equator, at apices of the triangle, 
exine thickened around pore, pore shape cannot be determined from the 
specimen; triangular outline; reticulate sculpture, lumina 0.5-1.0u 
wide, muri 0.5u wide, l.Ou high; size 32.9u in diameter.
Affinity: Proteacidites sp.
MORPHOTYPE 14 Plate 6, Figure 4
Reference specimen: 6496-1 Count: 11
Tricolpate, elongate furrows extend to poles, exine not thickened along 
margins; spherical in equatorial outline; exine 1.5-2.0u thick; 
reticulate sculpture, lumina 0.5-1.0u wide, muri 0.5u wide, 0.5u 
high; size 27.3 x 26.lu.
MORPHOTYPE 15 Plate 3, Figure 3
Reference specimen: 6560-1 Count: 232
Triporate, pores circular in outline, diameter 1.5-2.5u, evenly 
spaced around the equator, exine slightly thickened around pore; 
subtriangular, slightly convex in polar outline; exine 1.0-1.5u thick; 
smooth sculpture; size 25-30u in diameter.
Affinity: cf. Carpinus sp. - Ostrya sp.
Remarks: Distinguished from morphotype 9 by lesser thickening of
exine in pore area.
MORPHOTYPE 16 Plate 3, Figure 9
Reference specimen: 6511-1 Count: 62
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Triporate, square shaped pores, 1.5u wide, 2u deep, located at apices 
of the triangle along equator; triangular outline; exine 1.0-1.5u 
thick; smooth sculpture; size 21-25u in diameter.
Affinity: Engelhardtia sp.
MORPHOTYPE 17 Plate 1, Figure 17
Reference specimen: 6498-4 Count: 82
Polyporate, 4-6 pores evenly spaced around the equator, elliptical 
to circular in outline (diameter 2.0 x 4.0u), exine thickened around 
each pore, annulus diameter 5-7u; polygonal outline in polar view 
depending on the number of pores present; paired arci swing poleward 
from each pore to the adjacent pore; exine l.Ou thick; smooth sculpture; 
size 22-26u in diameter.
Affinity: Alnus spp.
MORPHOTYPE 18 Plate 2, Figure 14
Reference specimen: 6477-1 Count: 138
Polyporate, 18-34 pores, circular in outline, and 1.0-1.5u in diameter,
evenly spaced over entire grain; spherical shape; exine 2.0-2.5u 
thick; smooth sculpture; size 16-19u in diameter.
Affinity: Family Chenopodiaceae
MORPHOTYPE 19 Plate 2, Figure 19
Reference specimen: 6046-1 Count: 376
Polyporate, 40-60 pores, circular in shape and 1.5-2.0u in diameter,
slightly thickened exine around margins; spherical shape; exine 1.0- 
1.5u thick; smooth sculpture; size, 18-23u in diameter.
Affinity: Family Chenopodiaceae
Remarks: Distinguished from morphotype 18 by its greater number and
smaller diameter of pores; and the small annulus is developed around 
each pore.
MORPHOTYPE 20 Plate 2, Figure 7
Reference specimen: 6504-1 Count: 30
Polyporate, 16-24 pores, circular outline and 2-3u in diameter, 
more or less evenly spaced over entire grain, very slight thickening 
of exine around pore margins; circular outline; exine 2-3u thick; 
smooth to scabrate sculpture; size 22-28u in diameter.
Affinity: cf. Family Chenopodiaceae
MORPHOTYPE 21 Plate 2, Figures 5, 6
Reference specimen: 6497-1 Count: 37
Polyporate, 14-24 pores irregularly spaced over surface of grain, 
each pore circular and 2.0-2.5u in diameter, exine thickened around 
each pore, annulus 4-5u in diameter, and l-2u high; circular outline; 
exine l.Ou thick; smooth sculpture; size 19-24u in diameter.
Affinity: Juglans sp.
MORPHOTYPE 22 Plate 2, Figures 3, 4
Reference specimen: 6451-3 Count: 72
Polyporate, 25-35 pores, circular in outline and 1.5-2.0u in diameter 
exine slightly thickened around pore, pores randomly distributed over 
entire grain; spherical shape; exine 1.0-1.5u thick; smooth sculpture 
size 34-38 x 34u.
Affinity: Pterocarya sp.
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MORPHOTYPE 23 Plate 5, Figure 2
Reference specimen: 6501-1 Count: 23
Tricolpate, elongate furrows extend to poles, exine not thickened 
along the margins; spherical outline in equatorial view; exine 1.5-2.0u 
thick; smooth sculpture; size 10.1 x 9.0u.
Remarks: Distinguished from all other tricolpate forms listed above
by its extremely small size.
MORPHOTYPE 24 Plate 8, Figure 21
Reference specimen: 6450-1 Count: 19
Tricolporate, elongate furrows equally spaced around the equator, 
usually rather indistinct in polar view because of short length, pores 
located in the middle of furrow along the equator; exine l.Ou thick 
except beneath furrows where it thickens to 4-5u forming a biconvex 
mass that usually accepts stain more readily than rest of exine; 
subtriangular outline; sculptured by punctae 0.5u in diameter; 
size 23-26u in diameter.
Affinity: Tilia sp.
MORPHOTYPE 25 Plate 1, Figure 6
Reference specimen: 6490-1 Count: 580
Monoporate, pore circular in outline and 2.0-2.5u in diameter, exine 
slightly thickened around the rim; circular outline, but commonly 
folded; exine l.Ou thick; smooth sculpture; size 20-25u in diameter. 
Affinity: Family Gramineae
Remarks: Distinguished from morphotypes 5 and 6 by its smaller size.
Distinguished from morphotype 7 by smaller, thinner annulus.
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MORPHOTYPE 26 Plate 1, Figure 7
Reference specimen: 6523-2 Count: 98
Monoporate, pore circular, 3-4u in diameter, exine thickened around 
pore, annulus diameter 5-6u; circular outline, but commonly folded, 
exine l.Ou thick; scabrate sculpture; size 20-25u in diameter.
Affinity: Family Gramineae
Remarks: Characterized by its scabrate sculpture, distinguishing it
from morphotypes 5, 6, 7, 25.
MORPHOTYPE 27 Plate 2, Figures 12, 13
Reference specimen: 6477-1 Count: 52
Polyporate, 22-26 pores, circular in outline and 2.0-2.5u in diameter, 
exine slightly thickened around the rim, pores about 5-6u apart; 
spherical shape; exine 2.5u thick; smooth sculpture; size 25-29u 
in diameter.
Affinity: Family Chenopodiaceae
Remarks: Larger size and larger pores distinguish it from morphotype
18. Distinguished from morphotype 19 by larger size and fewer number 
of more widely spaced pores.
MORPHOTYPE 28 Plate 3, Figure 2
Reference specimen: 6495-1 Count: 72
Triporate, pores circular in outline and 1.5-3.0u in diameter, evenly 
spaced around the equator, exine thickened around pore, endexine 
separate from extexine in pore area and sticking out into the vestibulum; 




Remarks: Separation of ektexine from endexine in pore area forming
a vestibulum structure characterizes this morphotype. In addition 
the well developed annulus distinguishes it from morphotypes 9 and 15.
MORPHOTYPE 29 Plate 13a Figure 7
Reference specimen: 6483-2 Count: 38
Trilete, laesurae llu long, exine thickened along the margins; 
triangular outline; exine 1.5u thick; smooth sculpture, size 22-30u 
in diameter.
MORPHOTYPE 30 Plate 17, Figure 13
Reference specimen: 5874-1 Count: 1
Trilete, laesurae extend almost to margin, exine slightly thickened 
along margins of laesurae; circular outline, .nxine about 1.5u thick; 
sculptured by small spines scattered over surface, basal diameter
lu, height 1.5u; size about 33u in diameter.
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MORPHOTYPE 31 Plate 5, Figure 4
Reference specimen: 6507-1 Count: 9
Tricolpate, elongate furrows extend to poles; spherical shape; smooth 
sculpture; size 15u in diameter.
Remarks: Distinguished from morphotype 23 by its greater size.
MORPHOTYPE 32 Plate 18, Figure 4
Reference specimen: Count: 49
Trilete, laesurae 10-12u long, exine very slightly thickened along 
margins; zonate, zona 2-4u wide; semicircular outline; sculptured by
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small granules 0.5-1.0u in diameter on central body; size 25-29u in 
maximum diameter.
Affinity: Lycospora sp.
MORPHOTYPE 33 Plate 18, Figure 5
Reference specimen: 6470-1 Count: 32
Trilete, laesure 14-17u long, exine thickened along the margins; 
subtriangular outline; zonate, zona about 2.0u wide; fine granulate 
sculpture on central body, smooth on zona; size 30-35u in maximum 
diameter.
Affinity: Lycospora sp.
Remarks: Distinguished from morphotype 32 by its larger size and wider
exinal thickening along laesurae margins.
MORPHOTYPE 34 Plate 15, Figure 7
Reference specimen: 6468-1 Count: 11
Parasyncolpate, colpi bifurates near the poles and equator to form 
equatorial and polar islands, polar islands triangular in shape and 
5-6u in diameter; triangular outline; with rounded apices; sculpture 
coarsely reticulate in interapical areas, becoming reticulate near 
colpi; size 28u in diameter.
Affinity: Insulapollenites rugulatus Leffingwell 1970
Remarks: This species has been described from the Paleocene of
Montana and Maryland.
MORPHOTYPE 36 Plate 12, Figure 12
Reference specimen: 6479-3 Count: 0
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Trilete, laesurae 12u long extend almost to margins; triangular outline, 
with large bulb-like thickenings of exine at apices of triangle; exine 
l.Ou thick; smooth sculpture; size 27-29u in diameter.
Affinity: Triquitrites sp.
Remarks: This morphotype was observed during absolute frequency
study but was not observed during relative frequency counts. It is 
not included in any statistical analysis.
MORPHOTYPE 37 Plate 14, Figure 4
Reference specimen: 6537-1 Count: 36
Trilete, slightly curved laesurae 7u long, exine slightly thickened, 
along the margins; subtriangular to circular outline; exine l.Ou 
thick; smooth sculpture; size 15-29u in diameter.
Affinity: Sphagnum sp.
Remarks: Distinguished by small size and curved laesurae extending to
margin of miospore.
MORPHOTYPE 38 Plate 12, Figure 14
Reference specimen: 6471-1 Count: 9
Trilete, laesurae extend to edge of miospore, exine thickened along 
the margins; triangular outline with rounded apices; exine l.Ou thick; 
smooth sculpture; size 28.0 x 25.Ou.
Affinity: cf. Obstusisporis sp. in Pocock 1970.
MORPHOTYPE 40 Plate 12, Figure 3
Reference specimen: 6550-1 Count: 70
Trilete, laesurae lOu long, exine slightly thickened along the margins;




Remarks: Distinguished from morphotype 29 by its larger size, less
thickening of laesurae margins, subtriangular outline with slightly 
convex sides, and shorter laesurae.
MORPHOTYPE 41 Plate 15, Figure 3
Reference spceimen: 6525-1 Count: 1
Trilete, laesurae about 14u long, exine thickened along the margins; 
triangular outline with apices slightly rounded; exine 0.5-1.0u 
thick; smooth sculpture; size 32.9u in diameter.
MORPHOTYPE 43 Plate 18, Figure 17
Reference specimen: 6493-2 Count: 3
Trilete, laesurae 15u long, exine thickened along the margins; 
subtriangular outline; zonate, zona 4-5u wide; smooth sculpture; 
size 39.8u in maximum diameter.
MORPHOTYPE 44 Plate 14, Figure 2
Reference specimen: 5104-1 Count: 2
Trilete, laesurae 12-14u long extending to margins; subtriangular 
outline; exine about lu thick; sculpture smooth; size 22-25u in 
diameter.
Affinity: cf. Alsophililides sp. in Norton and Hall 1969.
Remarks: Distinguished by its smaller size, subtriangular outline
and thin laesurae which extend to margin.
MORPHOTYPE 45 Plate 12, Figure 18
Reference specimen: 6459-1 Count: 3
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Trilete, laesurae 6-8u long, exine slightly thickened along margin; 
spherical shape; exine 0.5u thick; smooth sculpture; size 24-28u in 
diameter.
Remarks: Characterized by spherical shape and short laesurae.
MORPHOTYPE 46 Plate 18, Figure 13
Reference specimen: 6505-1 Count: 7
Trilete, laesurae llu long, exine slightly thickened along margin; 
circular to subtriangular outline; velatoid camerate, camera extending 
5-7u beyond central body; fine granulate sculpture on camera; size 
including camera about 57.Ou in diameter.
Remarks: Velatoid construction gives a wrinkled appearance to exine
on central body; most of these wrinkies radiate outward from aperture.
MORPHOTYPE 47 Plate 17, Figures 1, 2
Reference specimen: 5830-1 Count: 2
Trilete, laesurae 15u long, exine slightly thickened along the margin; 
subtriangular outline; spinose sculpture, spines 2.5u in basal diameter 
and 5.0u high; exine 2.0u thick; size 32.5u in equatorial diameter.
MORPHOTYPE 49 Plate 18, Figure 12
Reference specimen: 6482-3 Count: 2
Monosaccate, saccus attached to central body along the trilete aperture 
and extends 2-4u beyond the central body; subtriangular outline; 
sculpture of central body smooth to very fine grana; size 34.lu in 
diameter.
Affinity: cf. Hymenozonotriletes sp. in Richardson 1970.
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MORPHOTYPE 50 Plate 14, Figure 5
Reference specimen: 6478-1 Count: 74
Trilete, laesurae 6u long, exine slightly thickened in apertural area, 
usually in interradial area; subtriangular outline, slightly convex 
between apices; cingulate, cingulum 2-4u wide; smooth sculpture; 
size 25-32u in equatorial diameter.
Affinity: Sphagnum sp.
Remarks: Distinguished by size, "Y11 shaped thickening in polar area
and cingulum.
MORPHOTYPE 51 Plate 15, Figure 13
Reference specimen: 5874-2 Count: 2
Trilete, laesurae 9u long; exine l.Ou thick; rugulate sculpture; 
size 25.5u in equatorial diameter.
MORPHOTYPE 52 Plate 19, Figure 4
Reference specimen: 6463-3 Count: 1
Trilete, laesurae 33u long, exine slightly thickened along margin; 
subtriangular to circular outline; exine thickened around equator; 
smooth sculpture; size 83u in equatorial diameter.
MORPHOTYPE 53 Plate 15, Figure 1
Reference specimen: 6498-1 Count: 1
Trilete, laesurae 22u long, exine slightly thickened along the margin; 
circular outline; exine 2.5-3.Ou thick; smooth sculpture with 3- 
connected muri extending over the distal surface of the grain, muri are
3-5u wide, l-2u high; size 80u in diameter.
Affinity: Knoxisporites sp.
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MORPHOTYPE 54 Plate 13, Figure 6
Reference specimen: 6485-1 Count: 2
Trilete, laesurae 10-12u long; subtriangular outline with rounded 
apices and straight sides; smooth sculpture; size 45.5u in diameter. 
Remarks: Characterized by large size and subtriangular outline.
Trilete, laesurae 23u long, exine slightly thickened along the margin; 
subtriangular outline; cingulate, cingulum 5-7u wide; rugulate 
sculpture; size 64-68u in diameter.
Affinity: cf. Cristatisporites sp.
Remarks: There appears to be evidence of bacterial decay resulting
in air spaces at the junction of the cingulum and central body.
Some lighter areas may be the result of differential transparency 
around the rugulae.
MORPHOTYPE 56 Plate 12, Figure 11
Reference specimen: 6482-1 Count: 8
Trilete, laesurae lOu long extending almost to margin, exine slightly 
thickened along the margin; subtriangular outline, interradial sides 
are slightly concave, exine slightly thickened at the broadly rounded 
apices; exine 0.5-1.0u thick; smooth sculpture; size 25-28u in 
diameter.
Affinity: Triquitrites sp.
Remarks: Characterized by its exinal thickening in the apical areas.
MORPHOTYPE 55 Plate 25, Figure 11
Reference specimen: 6492-2 Count: 1
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MORPHOTYPE 57 Plate 12, Figure 9
Reference specimen: 6554-1 Count: 7
Trilete, laesurae 13u long, exine slightly thickened along the margin; 
subtriangular outline, interradial sides are slightly concave, and 
exine thickened at the broadly rounded apices; exine l.Ou thick; 
smooth sculpture; size 30-36u in diameter.
Affinity: Triquitrites sp.
Remarks: Characterized by exinal thickening in apical areas. Distinguished
from morphotype 56 by the larger size and thicker exine in the apical 
areas.
MORPHOTYPE 58 Plate 18, Figure 8
Reference specimen: 6453-1 Count: 25
Trilete, laesurae extend to edge of central body, exine slightly 
thickened along the laesurae margins; zonate, zona 4-5u wide; subtrian­
gular outline; exine 1.0-1.5u thick; granulate sculpture; size 38.6u 
in diameter.
MORPHOTYPE 59 Plate 12, Figure 6
Reference specimen 6469-1 Count: 6
Trilete, laesurae 17u long, exine slightly thickened along the margin; 
outline triangular with straight sides; exine thickened in interradial 
areas; smooth sculpture; size 30-35u in diameter.
Affinity: Gleicheniidites sp.
Remarks: Characterized by interradial exinal thickening.
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MORPHOTYPE 60 Plate 17, Figure 17
Reference specimen: 6453-1 Count: 14
Trilete, laesurae 19u long, exine slightly thickened along the margin; 
circular outline; exine l.Ou thick; spinose sculpture, spines 0.5-1.0u 
in basal diameter, and l.Ou high, distributed over entire surface; 
size 41u in diameter.
Trilete, laesurae 18u long, exine thickened along the margin; spherical 
shape; exine 3.5u thick; fine punctate sculpture, lumina 0.5-1.0u in 
diameter; size 53.5u in diameter.
Affinity: cf. Punctatisporites sp.
Remarks: Distinguished by punctate sculpture, thick exine, and size.
MORPHOTYPE 64 Plate 14, Figure 20
Reference specimen: 6493-3 Count: 3
Trilete, laesurae about 12u long; circular outline, verrucate sculpture, 
verracae 2.0-2.5u in basal diameter and 1.5-2.0u high; size about 
40u in diameter.
Affinity: cf. Verrucosisporites sp.
MORPHOTYPE 66 Plate 18, Figure 6
Reference spceimen: 6464-1 Count: 9
Trilete, laesurae 13.5u long, exine slightly thickened along the margin; 
subtriangular outline, exine 3.0-3.5u thick, exine thickened around 
the equator; smooth to scabrate sculpture; size 34.Ou in maximum diameter. 
Affinity: Lycospora sp.
Remarks: Distinguished from morphotypes 32 and 33 by cingulum.
MORPHOTYPE 63 Plate 16, Figure 6
Reference specimen: 6469-2 Count: 7
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MORPHOTYPE 67 Plate 16, Figure 9
Reference specimen: 6497-1 Count: 1
Trilete, aperture indistinct; four muri parallel to the rays of the 
aperture, muri are 3-4.5u wide and 1.5-2.0u high, lumina 1.5u wide 
size about 56u in diameter.
Affinity: Cicatricosisporites sp.
Remarks: This type of Cicatricosisporites is distinguished by the four
wide muri.
MORPHOTYPE 68 Plate 19, Figures 1, 2
Reference specimen: 6483-1 Count: 9
Monosaccate, saccus about Gu wider than central body, attached to 
central body along trilete rays; laesurae 8-10u long; circular to 
subtriangular outline; smooth sculpture on saccus; exine 0.5-1.0u 
thick in central body; size 26-49u in diameter.
MORPHOTYPE 69 Plate 16, Figure 8
Reference specimen: 6514-2 Count: 10
Trilete, laesurae not readily observed; circular outline; striated 
sculpture consisting of parallel muri 1.5-2.0u wide and 0.5u high 
separated by lumina 1.0-1.5u wide; size 48 x 39u.
Affinity: Cicatricosisporites sp.




Plate 15, Figure 4 
Count: 12
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Trilete, laesurae about 12u long, exine slightly thickened along margin; 
subtriangular outline; reticulate sculpture, lumina 3-5u wide, muri 
l.Ou wide, and 0.5-1.0u high; size 27u in diameter.
Affinity: Dictyotriletes sp.
MORPHOTYPE 71 Plate 11, Figure 2
Reference specimen: 6468-1 Count: 406
Monolete, laesurae 13.Ou long, exine slightly thickened along the 
margin; reniform outline, exine 1.0-1.5u thick; smooth sculpture; 
size 35-40 x 22-25u.
Affinity: Polypodiaceae
MORPHOTYPE 72 Plate 11, Figures 11, 12, 13
Reference specimen: 6493-1 Count: 47
A central body which bears three wing-like or tube-like protrusions, 
radially symmetrical about the polar axis. Protrusions vary greatly 
in size from 12-32u long, 6-18u wide; shape variable, usually spherical 
to elliptical in equatorial view; slit type apertures when distinct 
are present at tips of protrusions; exine 1.0-1.5u thick; sculpture 
variable, from irregularly spaced spines to reticulae; size 30-60u. 
Affinity: Aquilapollenites spp.
Remarks: This genus is restricted to the Upper Cretaceous (Maestrichtian).
At least three species have been combined in this morphotype. These 
are: cf. A. amplus. Stanley, 1961; cf. A. reticulatus, Stanley, 1961;
cf. A. pulvinus, Stanley, 1961. Since this was a recycled form, all 
species were counted as one morphotype.
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MORPHOTYPE 73 Plate 11, Figures 7, 8
Reference specimen: 5840-1 Count: 11
Monolete, laesurae 23u long, exine very slightly thickened along 
margin; reniform shape; exine 1.5u thick; vermiculate sculpture, 
muri l.Ou wide and 0.5u high, lumina 3.0u wide; size 44 x 32u. 
Affinity: cf. Reticoloidosporites sp. in Leffingwell, 1970.
MORPHOTYPE 76 Plate 17, Figure 8
Reference specimen: 6450-1 Count: 71
Trilete, laesurae extend to margin, exine slightly thickened along 
the margin; subtriangular outline; scabrate sculpture; size 25u in 
diameter.
MORPHOTYPE 77 Plate 25, Figure 5
Reference specimen: 6450-2 Count: 4
Monolete, laesurae 34u long; spherical shape; exine 4-5u thick; 
reticulate sculpture, lumina 5u wide, muri 0.5u wide, and 0.5u high; 
size 53.5u in diameter.
Affinity: cf. Polypodiaceae
Remarks: This morphotype is always a dark brown color, giving the
miospore an almost opaque appearance.
MORPHOTYPE 78 Plate 18, Figure 3
Reference specimen: 6451-1 Count: 2
Trilete, laesurae 12u long, exine slightly thickened along the margin; 
zonate, zona 3-4u wide located equatorially; subtriangular outline; 
exine, 0.5-1.0u thick; smooth to scabrate sculpture; size 30.7u in 
diameter.
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MORPHOTYPE 79 Plate 17, Figure 14
Reference specimen: 6450-2 Count: 5
Trilete, laesurae 6u long, exine slightly thickened along margin; 
subtriangular outline, interradial area slightly concave; granulate 
sculpture, grana 1.0-1.5u in basal diameter and 0.5u high; size 
22.7u in diameter.
Affinity: Granulatisporites sp.
MORPHOTYPE 80 Plate 5, Figure 12
Reference specimen: 6560-1 Count: 28
Tricolpate, elongated furrows extend to poles; prolate in equatorial 
view; exine 0.5u thick; scabrate sculpture; size, 15.9 x 11.4u. 
Remarks: Characterized by thin (0.5u) scabrate sculptured exine.
MORPHOTYPE 82 Plate 12, Figure 15
Reference specimen: 6452-1 Count: 6
Trilete, laesurae 13.5u long, exine slightly thickened along the 
margin; trilobate outline in polar view; exine 1.0-1.5u thick; smooth 
sculpture; size about 26u in diameter.
Affinity: cf. Concavisporites sp. in Norton and Hall, 1969.
Remarks: Characterized by trilobate outline.
MORPHOTYPE 83 Plate 6, Figure 17
Reference specimen: 6046-1 Count: 5
Tricolpate, elongated furrows extend to poles, exine thickened along 




Reference specimen: 6453-1 Count: 1
Trilete, laesurae 16u long, exine slightly thickened along the margin; 
subtriangular outline; vermiculate sculpture, muri 0.5u wide and 
l.Ou high, lumina 5-7u wide; exine 1.5u thick; size 42u in equatorial 
diameter.
MORPHOTYPE 85 Plate 6, Figure 9
Reference specimen: 6537-1 Count: 169
Tricolpate, furrows extend to poles; circular outline, spherical 
shaped; reticulate sculpture, lumina l.Ou wide, muri 0.5u wide and 
l.Ou high; size 20-23 x 17-19u.
MORPHOTYPE 86 Plate 6, Figure 3
Reference specimen: 6466-1 Count: 38
Tricolpate, elongated furrows extend to the poles, exine is slightly 
thickened along the margins, prolate in equatorial view; exine 1.5u 
thick; finely granulate sculpture; size 26-30 x 17-20u.
Affinity: Quercus sp.
MORPHOTYPE 87 Plate 5, Figure 23
Reference specimen: 6483-1 Count: 20
Tricolpate, elongated furrows extend almost to poles; spherical shape; 
smooth sculpture; size 15-18u in diameter.
Remarks: Characterized by its almost spherical shape, smooth sculpture,
and furrows extending two-thirds the length of polar axis.
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MORPHOTYPE 88 Plate 9, Figure* 1
Reference specimen: 6506-1 Count: 51
Tricolporate, elongated furrows extend almost to poles, exine thickened 
along the margin, pores circular and 5-6u in diameter; spherical to 
prolate in equatorial view; exine 2.5-3.5u thick; granulate sculpture; 
size 41-45 x 31-34u.
Affinity: cf. Rhoipites sp.
Remarks: Characterized by its large size and thick exine.
MORPHOTYPE 89 Plate 5, Figure 9
Reference specimen: 6466-1 Count: 57
Tricolpate, elongated furrows extend to poles; circular outline; 
exine l.Ou thick; granulate sculpture; size 34u in diameter.
Affinity: Quercus sp.
Remarks: This morphotype is probably the polar view of morphotype 86.
MORPHOTYPE 90 Plate 5, Figure 10
Reference specimen: 6515-1 Count: 28
Tricolpate, elongated furrows extend 1/4 of polar radius, exine 
thickened along margins of furrows; circular outline; exine 1.0-1.5u 
thick, smooth to scabrate sculpture; size 18-20u in diameter.
Remarks: Distinguished from morphotype 89 by finer sculpture and
closed furrows with a slight exinal thickening along the margins. 
Distinguished from morphotype 34 by larger size.
MORPHOTYPE 91 Plate 7, Figure 2
Reference specimen: 6529-1 Count: 3183
.1.93
Tricolporate, elongated furrows extend to poles, rather indistinct 
unless seen in polar view, circular pores 1.0-1.5u in diameter, 
indistinct except at high power (800x); spherical shape; exine 1.5u 
thick; sculptured by small broad based spines, basal diameter 2.0-2.5u, 
height 2-3u; size 17-25u in diameter.
Affinity: Family Compositae
MORPHOTYPE 92 Plate 7, Figures 11, 12
Reference specimen: 6497-1 Count: 19
Tricolpate, elongated furrows extend almost to poles, evenly spaced and 
interradially located; subtriangular to circular outline; exine 
0.5-1.0u thick; smooth sculpture; size 27-29u in diameter.
Affinity: Tricolpites spp.
Remarks: Tricolpites microreticulata (Figure 11) and Tricolpites
interangulas (Figure 12) are included in this morphotype. Both are 
described from Late Cretaceous-Early Tertiary sediments of the northern 
continental interior. Because of similarity of pollen types, 
Leffingwell (1970) placed these forms in the extant genus Gunnera.
MORPHOTYPE 93 Plate 2, Figure 17
Reference specimen: Count: 4
Polyporate, pores more or less circular and 2.0-2.5u in diameter; 
spherical shape; exine 3.0-3.5u thick; reticulate sculpture, lumina




MORPHOTYPE 94 Plate 6, Figure 12
Reference specimen: 6455-1 Count: 69
Tricolpate, elongated furrows extend to poles; circular outline; 
exine l.Ou thick; fine granulate sculpture; size 18-23u in diameter. 
Remarks: Distinguished from morphotype 89 by slightly larger size
and shorter furrows.
Tricolpate, elongated furrows extend to poles, exine slightly thickened 
along furrow margins; exine l.Ou thick; granulate sculpture; size 
23-26u in diameter.
Affinity: cf. Fagus sp.
Remarks: Distinguished from morphotype 94 by longer furrows with
slight thickening of exine along the margins. Distinguished from 
morphotype 89 by finer granulate sculpture.
MORPHOTYPE 96 Plate 6, Figure 21
Reference specimen: 6462-2 Count: 17
Tricolpate, elongated furrows extend 1/4 of polar radius; circular 
outline; exine 0.5-1.0u thick; scabrate sculpture; size 40-42u in 
diameter.
MORPHOTYPE 97 Plate 5, Figure 24
Reference specimen: 6521-1 Count: 43
Tricolpate, elongated furrows extend to poles, a slight thickening of 
exine occurs along margin; spherical shape; exine 1.5u thick; granulate 
sculpture; size 24-28u in diameter.
MORPHOTYPE 95 Plate 6, Figure 11
Reference specimen: 6470-1 Count: 85
i y.r)
MORPHOTYPE 98 Plate 6, Figure 7
Reference specimen: 6462-2 Count: 866
Tricolpate, elongate furrows extend to poles, exine slightly-
thickened along the margin; prolate to spherical in equatorial outline;
exine 1.0-1.5u thick; reticulate sculpture, lumina l.Ou wide, muri
0.5u wide and 0.5u high; size 17-22 x 9-13u.
Affinity: Salix sp.
Remarks: Distinguished from morphotype 85 by prolate equatorial
outline and slightly coarser reticulate sculpture.
MORPHOTYPE 99 Plate 7, Figure 9
Reference specimen: 6472-2 Count: 4
Tricolpate, furrows extend to the poles, exine slightly thickened 
along margin; triangular outline; exine 0.5-1.0u thick; striated 
sculpture, muri 0.5u wide, lumina about 0.5u wide; size 28.4u in 
diameter.
Affinity: Cranwellia striata (Couper) Strivastava
Remarks: Characterized by striate sculpture. Described from Late
Cretaceous age sediments of western North America by Strivastava, 1966, 
and Leffingwell, 1970.
MORPHOTYPE 100 Plate 4, Figures 7, 8
Reference specimen: 6484-1 Count: 17
Tricolpate, elongated furrows extend almost to the poles, exine not 
thickened along the margin; some forms do not have furrows but circular 
pores, located along the equator; subtriangular outline, prolate to 
spherical outline in equatorial view; exine 0.5-1.0u thick; smooth to
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scabrate sculpture with Irregular spaced rounded knobs varying in 
diameter from 2-6u, height l-3u; size 22-28u in diameter.
Affinity: Pistillipollenites spp.
Remarks: This morphotype is used for all species of Plstillipollenites
observed in the study samples. The genus is restricted to the Early 
Tertiary, and is common in the Wilcox Group (Lower-Middle Eocene) of 
the Gulf Coast.
MORPHOTYPE 102 Plate 8, Figure 8
Reference specimen: 6505-2 Count: 25
Tricolporate, elongated furrows extend almost to poles, exine slightly 
thickened along the margin, pores circular in outline and 1.0-2.0u 
in diameter, exine thickened around pores; prolate in equatorial view; 
exine l.Ou thick; smooth sculpture; size 11-14 x 7-9u.
Affinity: cf. Family Umbelliferae
Remarks: Characterized by size and thickened exine along margins of
apertures.
MORPHOTYPE 103 Plate 6, Figure 20
Reference specimen: 6042-1 Count: 37
Tricolpate, elongated furrows extend almost to poles; prolate in 
equatorial view; exine 0.5-1.0u thick; fine reticulate sculpture, 
lumina 0.5u wide, muri less than 0.5u wide and less than 0.5u high; 
size 30.8 x 22.8u.
Remarks: Distinguished from morphotype 85 by larger size. Distinguished
from morphotype 98 by larger size and finer reticulate sculpture.
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MORPHOTYPE 104 Plate 7, Figure 4
Reference specimen: 6472-1 Count: 181
Tricolpate, elongated furrows extend to poles, exine slightly thickened 
along the margins; prolate to spherical in equatorial view; exine
1.5-2.0u thick; sculptured by short broad based spines, 2.0u wide at 
base, and 2.0-2.5u high; size 18-22 x 12-14u.
Affinity: Family Compositae.
Remarks: Distinguished from morphotype 91 by larger, broader based
spines.
MORPHOTYPE 106 Plate 4, Figure 15
Reference specimen: 6468-1 Count: 10
Monocolpate, longitudinal furrow extends to poles, exine slightly 
thickened along the margin; prolate in equatorial view; exine 0.5-1.0u 
thick; smooth sculpture; size 29.5 x 14.8u.
Affinity: cf. Ginkgocyadophytus sp.
MORPHOTYPE 107 Plate 4, Figure 20
Reference specimen: 6551-1 Count: 42
Monocolpate, longitudinal colpus extends to poles; prolate in equatorial 
view; exine 1.0-1.5u thick; reticulate sculpture, lumina about l.Ou 
wide, muri 0.5-1.0u wide and l.Ou high; size 28.4 x 20.4u.
Affinity: Family Liliaceae.
MORPHOTYPE 108 Plate 8, Figure 1
Reference specimen: 6492-1 Count: 15
Tricolporate, elongated furrows extend to poles, pores circular in 
outline and 2.0-2.5u in diameter, situated in the middle of the furrows,
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around the equator; prolate to spherical in equatorial view; exine
2.0-2.5u thick; scabrate sculpture; size 26.0 x 20.4u.
MORPHOTYPE 109 Plate 4, Figure 14
Reference specimen: 6485-1 Count: 44
Monocolpate, longitudinal furrow extends to poles; prolate in 
equatorial view; scabrate to smooth sculpture; size 28-32 x 18-22u. 
Affinity: cf. Cycadopites sp.
MORPHOTYPE 110 Plate 25, Figure 7
Reference specimen: 6470-1 Count: 42
Inaperturate; spherical shape; exine 1.5u thick; spinose sculpture, 
basal diameter of spines 1.5-2.0u, height 3-5u; size 34-38u in diameter 
excluding spines.
Affinity: Cyst of unknown origin.
Remarks: Morphotype may be monolete, but dark thick exine obscures
any aperture if present.
MORPHOTYPE 111 Plate 1, Figures 11, 12
Reference specimen: 6497-1 Count: 90
Multiple grain, arranged in tetrads (square packing), size of tetrad 
30-34u diameter. Individual grains, monoporate, pore circular to 
slightly elliptical and 2-4u in diameter, exine not thickened around 
pore; circular outline; exine l.Ou thick; reticulate sculpture, lumina
1.5-2.Ou wide, muri 0.5u wide and 0.5-1.0u high; size 15-20u diameter. 
Affinity: Typha latifolia
Remarks: Typha latifolia is characterized by tetrads.
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MORPHOTYPE 112 Plate 2, Figure 20
Reference specimen: 6452-1 Count: 1462
Fenestrate, comprised of 12-18 polygonal shaped lacunae, each 5-7u 
in diameter; lacuna separated by a rim or ridge, 1.5-2.0u wide; 
polygonal outline; sculpture of ridges smooth; size 19-25u in 
equatorial diameter.
Affinity: A1ternanthera philoxeroides (Alligator weed)
MORPHOTYPE 114 Plate 5, Figure 8
Reference specimen: 6560-1 Count: 3
Tricolpate, elongated furrows extend almost to poles, slight thickening 
of exine along the furrow margins; circular outline; exine 1.5u thick; 
striated sculpture, muri very small less than 0.5u wide and less than 
0.5u high, lumina 0.5u wide; size 22.5u in diameter.
Affinity: cf. Acer sp.
Remarks: Distinguished from morphotype 99 by smaller muri and smaller
size.
MORPHOTYPE 115 Plate 9, Figures 10, 11
Reference specimen: 6493-1 Count: 1990
Disaccate, longitudinal axis of central body is longer than transverse 
axis; sacci semi-circular in outline, transverse axis of sacci is 
slightly greater than that of central body, offlap greater than onlap, 
fine infra-reticulate sculpture in sacci; distal zone 8u wide; size, 
central body longitudinal axis 44-48u, transverse axis 40-45u; maximum 
longitudinal axis 48-6Gu, transverse axis 44-47u.
Affinity: Pinus spp.
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Remarks: No attempt has been made to distinguish the various species
of Pinus. The author refers the reader to Ting (1966) for a detailed 
analysis of the problem of determining Pinus species.
MORPHOTYPE 116 Plate 18, Figure 14
Reference specimen: 6510-1 Count: 1
Trilete, laesurae 11.5u long; subtriangular outline; cingulate, 
cingulum ll-12u wide developed around the equator; low rounded spinose 
sculpture on both cingulum and central body, spines 1.5-2.0u in basal 
diameter and l.Ou high, 3-4u apart; maximum diameter 40u.
Affinity: Densosporites. cf. D. variabus (Valts) Potonie and Kremp,
1956.
MORPHOTYPE 118 -Plate 10, Figure 4
Reference specimen: None Count: 438
No Description.
Remarks: These are disaccate grains that are complexly folded or
badly corroded so as to make them unidentifiable. They are probably 
reworked Pleistocene and older forms.
MORPHOTYPE 119 Plate 10, Figure 6
Reference specimen: 6458-1 Count: 14
Disaccate, transverse axis of central body is longer than longitudinal 
axis; sacci semi-circular in outline, transverse axis is the same as 
central body, onlap greater than offlap, fine reticulate infrastructure
in sacci; distal zone very small (2-3u); size of central body, longitu­
dinal axis, 51.Ou; transverse axis, 59.Ou; maximum dimensions, 
longitudinal axis, 66.Ou; transverse axis, 59.Ou.
Affinity: cf. Piceapollenites sp.
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MORPHOTYPE 120 Plate 10, Figure 3
Reference specimen: 5840-1 Count: 89
Disaccate; longitudinal axis and transverse axis of central body are 
approximately equal; sacci-circular in outline, transverse axis of 
sacci slightly smaller than transverse axis of central body, reticulate 
infra-structure in sacci; distal zone approximately 1/2 longitudinal 
axis of central body; offlap slightly greater than onlap; size of 
central body, longitudinal axis 47-70u, transverse axis 42-65u; 
maximum dimensions: longitudinal axis 75-ll0u, transverse axis
42-65u.
Affinity: cf. Abies sp.
MORPHOTYPE 121 Plate 21, Figure 8
Reference specimen: 6468-2 Count: 9
Globular cyst covered with many slender tube-like processes 7-9u 
long, vhose tips seem to be split into 3 rays; size excluding processes 
66u in diameter.
MORPHOTYPE 122 Plate 21, Figure 4
Reference specimen: 6466-1 Count: 16
Globular cyst, with 12-16 hollow tubular processes flared at both ends,
processes 13.5-20.Ou long; tips of processes flattened with 5-7 




Plate 21, Figure 1 
Count: 2
Globular to elliptical cyst, numerous splnate processes more or less 
evenly spaced over entire cyst, processes 7-9u long with a basal 
diameter of 1.5u; diameter of cyst excluding processes about 35u.
MORPHOTYPE 124 Plate 20, Figure 3
Reference specimen: 6457-1 Count: 6
Globular cyst, covered with hollow spines 1.5u diameter at base and 
6-10u in length; size 45.5u in diameter.
MORPHOTYPE 125 Plate 22, Figure 4
Reference specimen: 5840-1 Count: 4
Globular cyst, densely covered with small tube-like processes 2.0u 
in length; tips of processes flatten; exine 1.5u thick; size 32-36u 
in diameter excluding processes.
MORPHOTYPE 126 . Plate 21, Figure 6
Reference specimen: 6463-3 Count: 11
Globular cyst, short 6-7u hollow tube-'iike processes l*5-2.0u in 
diameter; tips of processes flattened with 3-4 short spines; size 
excluding processes 51u in diameter.
MORPHOTYPE 127 Plate 21, Figure 7
Reference specimen: 6468-1 Count: 8
Globular cyst, 40-60 tube-like processes, each 13-15u long evenly 
spaced around the cyst, tips of processes are split into 3 rays; 
size excluding processes 63-65u in diameter.
MORPHOTYPE 128 Plate 23, Figure 2
Reference specimen: 6498-1 Count: 2
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Slightly elongated cyst, wall divided into two layers, the outer 
layer forms an apical horn and two antapical horns, inner layer is 
globular; central girdle around the equator; size of internal body 
78u in diameter, total cyst 113.6 x 91.Ou.
Affinity: Deflandre sp.
MORPHOTYPE 129 Plate 22, Figure 2
Reference slide: 6530-1 Count: 4
Globular cyst, with hollow tube-like processes which are flared at 
tip, base also slightly flared; processes 22.7 to 31.8u in length and 
5-8u wide in central portion; flared tip is multi-rayed; size excluding 
processes 53.5u in diameter.
MORPHOTYPE 130 Plate 22, Figure 6
Reference specimen: 6482-2 Count: 12
Elongate cyst, exine extended in polar regions to form one apical 
horn and two antapical horns; central girdle formed around equator; 
equatorial region broader than either apical or antapical areas; 
size 69.3 x 45.5u.
Affinity: Deflandre sp.
MORPHOTYPE 131 Plate 20, Figure 2
Reference specimen: 6485-3 Count: 4
Globular cyst with 35-50 slender processes, 12-16u in length, basal 
diameter 2.5-3.0u; exine 1.0-1.5u thick; equatorial diameter excluding 
processes 60-65u.
Affinity: cf. Hystrichospheridium sp.
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MORPHOTYPE 132 Plate 22, Figure 8
Reference specimen: 6450-1 Count: 5
Inaperturate; triangular shape; apices of triangle are elongated and 
tapering to a point; smooth exine; size 52u.
Affinity: Veryhachium sp.
MORPHOTYPE 133 Plate 20, Figure 7
Reference specimen: 6450-2 Count: 7
Globular cyst covered with small spines, 3-6u in length and basal 
diameter of 1.0-1.5u, spines 3-5u apart; size 28-30u in diameter.
MORPHOTYPE 134 Plate 20, Figure 4
Reference specimen: 6451-1 Count: 3
Globular cyst, with 60-80 tube-like processes; 8-10u in length and 
0.5u in diameter, distributed over the entire cyst surface, processes 
have flattened tips; central body approximately 34u in equatorial 
diameter.
MORPHOTYPE 135 Plate 20, Figure 5
Reference specimen: 6450-1 Count: 4
Globular cyst with 13-17 spine-like, hollow processes, 10-l4u in 
length and 6-8u in basal diameter; size of central body 32u in diameter.
MORPHOTYPE 136 Plate 15, Figure 5
Reference specimen: 6469-1 Count: 9
Trilete, laesurae lOu long, exine slightly thickened along the margins; 
circular to subtriangular outline; ruglate sculpture, lumina 0.5u wide, 
muri 1.0-1.5u high and 1.5u wide; size 29-32u in diameter.
Affinity: cf. Hamulatisporites sp.
205
MORPHOTYPE 137 Plate 22, Figure 7
Reference specimen: 6504-1 Count: 10
Triangular shaped cyst, with long (15u) protrusions at the apices of 
triangle; smooth sculpture; exine l.Ou thick; size 37-40u.
Affinity: Veryhachium sp.
Remarks: Distinguished from morphotype 132 by its smaller size.
Globular cyst, exine divided into two layers, the outer a very thin 
membraneous covering separated from the inner by thin processes, 
eachcpproximately lOu in length that seem to form a reticulate 
network; size of central body 50-60u in diameter, total size 80u in 
diameter.
MORPHOTYPE 139 Plate 20, Figure 8
Reference specimen: 6458-1 Count: 1
Globular cyst covered with very thin needle-like processes, 5-7u in 
length, processes 2-3u apart, exine thin, less than 0.5u thick; size 
22u in diameter excluding processes.
Remarks: Distinguished from morphotype 133 by smaller size, fewer
and slightly longer processes.
MORHPOTYPE 140 Plate 22, Figure 9
Reference specimen: 6458-1 Count: 24
Cyst elongated longitudinally, apical horn painted, antapical area 
has two connected horns; girdle visible; cell wall thin and commonly 
folded; size 70-75u from apical horn to antapical horn and 38-41u 
across equator.
MORPHOTYPE 138 Plate 22, Figure 1
Reference specimen: 6450-2 Count: 3
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Affinity: Deflandre sp.
Remarks: Distinguished from morphotype 130 by smaller size and
presence of united antapical horns.
MORPHOTYPE 141 Plate 5, Figure 7
Reference specimen: 6050-2 Count: 10
Tricolpate; elongated furrows extend to poles, with no thickening of 
exine along the margins; circular outline; exine l.Ou thick; smooth 
sculpture; size 20.5u in diameter.
MORPHOTYPE 144 Plate 19, Figure 7
Reference specimen: 6450-2 Count: 1
Monocamerate, camera offlap at least 20u; central body circular; 
trilete, laesurae 9u long; granulate sculpture on camera; size of 
central body 45.5u in diameter, total miospore 113.6 x 76.Ou. 
Affinity: Endosporites sp.
MORPHOTYPE 146 Plate 1, Figure 1
Reference specimen: 6491-1 Count: 22
Monoporate, circular pore 4-6u in diameter, exine thickened around
pore, annulus diameter 8-10u; circular outline, often folded; exine 
l.Ou thick; smooth sculpture; size 60-80u in diameter.
Affinity: Family Gramineae cf. Zea mays.
Remarks: Distinguished from other grasses (numbers 5, 6, 7, 25, 26
371) by its very large size.
MORPHOTYPE 147 Plate 3, Figure 10
Reference specimen: 6451-1 Count: 48
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Triporate, pores circular in outline, and 1.5-2„0u in diameter, evenly 
spaced along equator at apices of triangle; triangular outline; 
exine 0.5u thick; smooth sculpture; size 16-19u in diameter.
Affinity: Engelhardtia sp.
Remarks: Distinguished from morphotype 16 by its smaller size.
MORPHOTYPE 149 Plate 2, Figure 15
Reference specimen: 6050-1 Count: 88
Polyporate, 18-26 circular pores evenly distributed over the entire 
grain; pore diameter, 3.5-5.0u, exine slightly thickened around each 
pore; spherical shape; exine 2.0-2.5u thick; fine reticulate sculpture, 
muri 0.5u wide and 0.5-1.0u high, lumina l.Ou in diameter; size 29-32u 
in diameter.
Affinity: cf. Family Caryophyllaceae.
MORPHOTYPE 150 Plate 2, Figure 10
Reference specimen: 6511-1 Count: 2012
Polyporate, 44-65 circular pores evenly distributed over the entire 
grain, pores 1.5-2.0u in diameter, exine only very slightly thickened
around each pore; spherical shape; exine 1.5-2.0u thick; smooth sculpture;
size 20-26u in diameter.
Affinity: Family Chenopodiaceae
Remarks: Distinguished from morphotype 19 by larger size. Distinguished
from morphotypes 18 and 27 by greater number of closely spaced pores.
MORPHOTYPE 151 Plate 3, Figure 6
Reference specimen: 6486-2 Count: 10
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Tetraporate, elliptical shaped pores, 1.5 x 4.0u in diameter, evenly 
spaced around the grain, poleward of equator, i.e. all situated in
one hemisphere; circular outline; exine l.Ou thick; smooth sculpture;
size 21-23u in diameter.
Affinity: Carya sp.
Remarks: These are probably reworked Carya grains from Upper Tertiary
Gulf Coast sediments.
MORPHOTYPE 152 Plate 2, Figure 8
Reference specimen: 6497-1 Count: 141
Polyporate, 45-70 circular pores randomly distributed around grain, 
pores 1.5u in diameter, no thickening of exine around pores; spherical 
shape; smooth sculpture; size 20-25u in diameter.
Affinity: Family Chenopodiaceae
Remarks: Smaller size and greater number of closer spaced pores
distinguish it from morphotype 20.
MORPHOTYPE 153 Plate 25, Figure 12
Reference specimen: 6450-2 Count: 4
Aperture not visible; spherical shape; reticulate structure, lumina 
4-5u wide, muri 2.0u wide and l.Ou high; size 51.1 x 39.8u.
Affinity: cf. Polygonum
Remarks: This morphotype is probably a corroded form of morphotype
93, in which only the muri are preserved.
MORPHOTYPE 154 Plate 11, Figure 3
Reference specimen: 6450-2 Count: 53
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Monolete, laesurae 18u long, exine slightly thickened along the 
margin; spherical shape; exine 0.5-l.Ou thick; smooth sculpture; size 
35-37u in diameter.
Affinity: cf. Laevigatosporites ovatus Wilson and Webster, 1946.
Remarks: Distinguished from morphotype 71 by its spherical shape.
MORPHOTYPE 155 Plate 6, Figure 10
Reference specimen: 6457-1 Count: 6
Tricolpate, elongated furrows extend 3/4 of polar radius, slightly 
thickened along the margins of furrows; prolate outline in equatorial 
view; fine reticulate sculpture, lumina 0.5u wide, muri less than 
0.5u wide and less than 0.5u high; size 23-26 x 18-21u.
Remarks: Distinguished from morphotype 103 by its smaller size.
Distinguished from morphotypes 85 and 98 by its slightly larger size 
and smaller muri.
MORPHOTYPE 157 Plate 2, Figure 9
Reference specimen: 6450-1 Count: 31
Polyporate, 38-52 circular pores, randomly distributed over the entire 
grain, pores 2-3u in diameter; spherical shape; exine l.Ou thick; 
smooth sculpture; size 18-25u in diameter.
Affinity: Family Chenopodiaceae.
Remarks: Smaller size and greater number of closer spaced pores
distinguish it from morphotype 20. Distinguished from morphotype 
152 by more irregularly spaced and smaller sized pores.
MORPHOTYPE 158 Plate 7, Figure 21
Reference specimen: 6450-1 Count: 1
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Tricolpate, elongated furrows extend to poles, exine greatly thickened 
along the furrow margins, apertures are gaping and a thin membrane 
covers aperture between the thick margins; triangular outline; exine
3.0-3.5u thick; smooth sculpture, size 32u in diameter.
Affinity: Nyssa sp.
MORPHOTYPE 159 Plate 24, Figure 1
Reference specimen: 6517-1 Count: 107
Inaperturate; circular outline; grain often split open; exine 0.5-1.0u 
thick; smooth to scabrate sculpture; size 22-26u in diameter.
Affinity: Taxodium sp. (Cypress)
MORPHOTYPE 160 Plate 8, Figure 19
Reference specimen: 6467-1 Count: 8
Tricolporate, elongated furrows 15u long evenly spaced around the 
equator, circular pores, 2.5-3.5u in diameter, located in the middle 
of the furrows, exine slightly thickened around pore; prolate outline 
in equatorial view; exine 2.0-2.5u thick; fine reticulate sculpture, 
lumina 0.5u wide, muri less than 0.5u wide and 0.5u high; size 38.6 
x 26.lu.
MORPHOTYPE 161 Plate 1, Figure 13
Reference specimen: 6532-1 Count: 259
Monoporate, circular pore 1.5-2.5u in diameter; spherical shape; 
exine 1.0-1.5u thick; reticulate sculpture, lumina l.Ou wide, muri 
0.5u wide and 0.5-1.0u high; size 23-26u in diameter.
Affinity: Typha sp. (Cattail)
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Remarks: Typha angustlfolla pollen is usually distinguished from T.
latifolia by occurring as single grains rather than tetrads. However, 
it is impossible to distinguish a T. latifolia grain that has separated 
from the tetrad from a T. angustifolia grain. Therefore, this morphotype 
probably includes pollen from both species, it is possible that 
a single grain might behave sedimentologically differently from a tetrad.
MORPHOTYPE 163 Plate 4, Figure 2
Reference specimen: 6451-1 Count: 8
Triporate, elliptical and circular pores are situated evenly around 
the equator at apices of the triangle, exine is thickened around each 
pore; subtriangular outline; exine 1.0-1.5u thick; scabrate sculpture; 
size 26u in diameter.
Affinity: Triporopollenites sp.
MORPHOTYPE 164 Plate 24, Figure 3
Reference specimen: 6451-1 Count: 33
Inaperturate; spherical shape; exine l.Ou thick; granulate sculpture; 
size 18u in diameter.
Affinity: Cyst of unknown origin.
MORPHOTYPE 165 Plate 3, Figure 1
Reference specimen: 6453-2 Count: 1
Triporate, circular pores situated along the equator at the apices of 
triangle, pores 6-8u in diameter; ektexine thickened in the pore area 
forming a protrubence 5-7u long; subtriangular outline; exine 2.0u 
thick; smooth sculpture; size 42-45u in diameter.
Affinity: Family Onagraceae cf. Oenothera sp.
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MORPHOTYPE 166 Plate 17, Figure 7
Reference specimen: 6510-1 Count: 45
Trilete, laesurae 11.5u long, exine slightly thicken along their 
margins; subtriangular to circular outline; zonate, zone 1.5-2.5u wide; 
fine granulate sculpture on central body, very fine granulate sculpture 
on zona, size 25-30u in diameter,
Affinity: cf. Lycospora sp.
Remarks: Distinguished from morphotype 32 by finer sculpture.
Distinguished from morphotypes 33 and 66 by slightly smaller size 
and finer sculpture.
MORPHOTYPE 167 Plate 10, Figure 7
Reference specimen: 6451-1 Count: 10
Disaccate, sacci semicircular in outline, transverse axis of sacci 
equal to transverse axis of central body, offlap greater than onlap, 
two folds are present at distal roots of sacci, fine infra-reticulate 
sculpture in sacci; distal zone about 1/3 longitudinal axis; transverse 
axis of central body greater than longitudinal axis; size of central 
body, longitudinal axis 28u, transverse axis 36.5u, total grain 
longitudinal axis 52.2u, transverse axis 36.5u.
Affinity: cf. Alisporites sp.
MORPHOTYPE 168 Plate 24, Figure 5
Reference specimen: 6451-1 Count: 4
Globular cyst, with short hair-like processes 2-5u long, distributed 
over entire cyst; size excluding processes 37.5u.
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MORlMIOTYINi 169 Plate 2, Figure 16
Reference specimen: 6502-1 Count: 116
Polyporate, 28-36 circular pores more or less evenly distributed over 
the entire grain, pores 2-4u in diameter, exine slightly thickened 
at margin of pore, annulus 3-5u in diameter; spherical shape; exine
1.0-1.5u thick; granulate sculpture; size 25-30u in diameter.
Affinity: Liquidambar styraciflua (Sweetgum).
Remarks: Distinguished from morphotype 149 by greater number and
generally smaller sized pores.
MORPHOTYPE 170 Plate 7, Figure 7
Reference specimen: 6456-1 Count: 9
Fenestrate, lacunae 8-10u in diameter, oval to polygonal in outline;. 
lacunae separated by ridges 1.5-2.0u wide and 1.0-1.5u high; equatorial 
ridge has a single row of 8-9 small spines 0.5u diameter at base and 
l.Ou high between each longitudinal ridge; hexagonal outline in polar 
view; size 23-27u in equatorial diameter.
Affinity: Family Compositae cf. Taraxacum sp. (Dandelion)
Remarks: Characterized by fenestrate form with spines on equatorial
ridge. The latter along with greater size distinguishes it from 
morphotype 112.
MORPHOTYPE 171 Plate 18, Figure 1
Reference specimen: 6451-1 Count: 2
Trilete, laesurae llu long, exine not thickened along the margin; 
circular outline; exine l.Ou thick; sculpture of irregularly shaped 
flat-topped elements, giving exine a "warty" appearance; size 64.8u in 
diameter.
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MORPHOTYPE 173 Plate 8, Figure 4
Reference specimen: 6451-1 Count: 84
Tricolporate, elongated furrows extend to poles, pores elliptical 
In outline and 1 x 3u in diameter, exine slightly thickened around 
pores; prolate outline in equatorial view, exine 1.0-1.5u thick; 
smooth sculpture; size 18-20 x 10-12u.
Affinity: cf. Family Umbelliferae
Remarks: Distinguished from morphotype 102 by slightly larger size
and elliptical shaped pores.
MORPHOTYPE 174 Plate 2, Figure 1, 2
Reference specimen: 6524-1 Count: 214
Polyporate, 4-6 circular pores located evenly around the equator, 
pores 2-3u in diameter, thicken exine surrounds each pore; spherical 
to subspherical shape; exine 1.5-2.0u thick; smooth sculpture, ridges 
(muri) form a network in interpore areas; size 25-35u in diameter. 
Affinity: Ulmus sp. - Planera sp.
Remarks: Ridges appear to be due to thickening of extexine. These
ridges are more prominent on some specimens than others. The miospores 
from these genera are very similar and no attempt was made to distinguish 
between them.
MORPHOTYPE 176 Plate 11, Figure 6
Reference specimen: 6525-1 Count: 52
Monolete, laesura 23-26u in length with no thickening of exine along 
the margin; reniform to elliptical outline; exine 0.5-1.0u thick; 
smooth sculpture; size 53-60 x 27-30u.
215
Affinity: Laevigatosporites sp.
Remarks: Distinguished from morphotypes 71 and 154 by larger size.
MORPHOTYPE 177 Plate 5, Figure 11
Reference specimen: 6468-1 Count: 1
Tricolpate, elongated furrows extend almost to poles, exine slightly 
thickened along the margins; prolate outline in equatorial view; 
smooth sculpture with tiny ridges running diagonally across the grain; 
size 25 x 20u.
Remarks: Tiny ridges are indistinct, distinguishing it from morphotype
99.
MORPHOTYPE 178 Plate 24, Figure 9
Reference specimen: 6505-2 Count: 3
Inaperturate; spherical shape; reticulate sculpture, lumina 8-12u 
wide, muri 2-3u wide and 3-6u high; size 86.5u in diameter.
Affinity: Cyst of unknown origin.
MORPHOTYPE 180 Plate 25, Figure 1
Reference specimen: 6451-1 Count: 18
Globular cyst with exine divided into two layers, the outer layer is a 
membraneous layer that is supported by muri-like ridges; size 39u in 
diameter.
Affinity: Cyst of unknown origin.
MORPHOTYPE 182 Plate 4, Figure 6
Reference specimen: 6485-1 Count: 1
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Triporate, pores evenly spaced around the equator, outline of pores 
impossible to observe in this specimen; exine thickened around pore, 
annulus 8-lOu in diameter; circular outline; exine 1.0-1.5u thick; 
smooth sculpture; size 40u in diameter.
MORPHOTYPE 183 Plate 5, Figure 1
Reference specimen: 6485-1 Count: 7
Triporate, pores located interradially around equator, shape and size 
of pore difficult to observe in polar view; subtriangular outline; 
exine 0.5-1.0u thick; smooth to scabrate sculpture; size 17u in 
diameter.
Remarks: Interradially located pores distinguish it from all other
triporate morphotypes.
MORPHOTYPE 186 Plate 2, Figure 19
Reference specimen: 6489-1 Count: 3
Polyporate, 6-12 circular pores haphazardly distributed over entire 
grain, usually in lumina, pores 2-3u in diameter; spherical shape, 
exine 1.5-2.0u thick; reticulate sculpture lumina 0.5-2.5u in diameter, 
muri 0.5-l.Ou high and l.Ou wide; size 23u in diameter.
Affinity: Plantago sp.
Remarks: Smaller size and finer reticulate sculpture distinguish it
from morphotype 93.
MORPHOTYPE 188 Plate 25, Figure 11
Reference specimen: 6453-1 Count: 14
Mbnocolpate, longitudinal colpus extends from one pole to the other; 
1.5u wide at equator and 4.0u wide at poles; prolate outline in
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equatorial view; smooth sculpture; exine 0.5u thick; size 36-40 x 
14-18u.
Affinity: Fungal cyst.
MORPHOTYPE 190 Plate 8, Figure 20
Reference specimen: 6453-1 Count: 48
Tricolporate, elongated furrows extend to poles, exine thickened 
along margin, circular pores, 2-3u in diameter, slight thickening of 
exine around pore; prolate outline in equatorial view; exine 1.5u 
thick; verrucate sculpture, verrucae 3-5u in basal diameter and l.Ou 
high; size 24 x 14.8u.
Affinity: Tricolpites cingulatum
Remarks: The verrucate sculpture distinguishes it from all other
colpate and colporate forms. Fairchild and Elsik (1969) reported 
that this species occurred commonly in Wilcox age sediments of the 
Gulf Coastal Plain.
MORPHOTYPE 191 Plate 7, Figure 5
Reference specimen: 6450-1 Count: 54
Tricolpate, elongated furrows extend almost to poles; circular outline; 
exine l.Ou thick; spinose sculpture, spines are broad-based and slightly 
curved, basal diameter 2-3u, height 2-3u; size 18-22u in diameter. 
Affinity: Family Compositae.
Remarks: The slightly curved, broad-based spines differentiate it from
morphotypes 91, 104, and 293.
MORPHOTYPE 195
Reference specimen: 6495-1
Plate 1, Figure 9 
Count: 618
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Polyporate, circular pores 3u in diameter, rather indistinct in most 
specimens; elliptical outline, commonly folded so that one end appears 
flattened; exine 1.0-1.5u thick; granulate sculpture; size 44-52 x 
29-32u.
Affinity: Family Cyperaceae cf. Carex sp.
Remarks: Distinguished from morphotype 2 by coarser sculpture.
MORPHOTYPE 196 Plate 25, Figure 2
Reference specimen: 6453-1 Count: 27
Polyporate, pores indistinct; slightly elliptical shaped; coarse 
granulate sculpture, granules l.Ou in diameter, 0.5u high, evenly 
distributed over entire surface; size 24-28u in diameter.
Affinity; cf. Family Cyperaceae
Remarks: Distinguished by smaller size and coarser sculpture from
morphotypes 2 and 195.
MORPHOTYPE 197 Plate 17, Figure 12
Reference specimen: 6489-1 Count: 4
Trilete, laesurae extend to outline, exine slightly thickened along 
the margin; subtriangular outline; exine l.Ou thick; fine granulate 
sculpture; size 28.5u in diameter.
MORPHOTYPE 198 Plate 1, Figures 15, 16
Reference specimen: 6498-1 Count: 5
Polyporate, 4-5 circular pores evenly spaced around the equator, 
pores 2-3u in diameter, exine slightly thickened around each pore, 
annulus 3-4u in diameter; circular to slightly polygonal outline 
depending on number of pores; paired arci swing out toward the pole
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from each pore to the adjacent pore; exine l.Ou thick; smooth sculpture; 
size 18-20u in diameter.
Affinity: Alnus spp.
Remarks: Distinguished from morphotype 17 by smaller annulus surrounding
each pore and generally smaller size. Arci are also narrower in this 
morphotype. This morphotype probably includes recycled Tertiary forms.
MORPHOTYPE 199 Plate 24, Figure 10
Reference specimen: 6453-1 Count: 21
Xnaperturate; spherical shape; exine 1.5-2.0u thick; spinose sculpture, 
spines 0.5-1.0u in basal diameter and 1.0-1.5u in height, approximately 
4-6u apart; size 40u in diameter.
Affinity: Cyst of unknown origin.
MORPHOTYPE 201 Plate 5, Figure 6
Reference specimen: 6454-1 Count: 75
Tricolpate, furrows extend to poles, exine not thickened along the 
margins; circular outline, exine 1.0-1.5u thick; smooth to scabrate 
sculpture; size 15-17u in diameter.
Remarks: Distinguished from morphotype 114 by lack of ridges on exine
and morphotype 141 by slightly smaller size and roughened exine.
MORPHOTYPE 203 Plate 17, Figure 15
Reference specimen: 6454-1 Count: 11
Trilete, laesurae 6u in length, exine not thickened along the margin; 
subtriangular outline, interradial area slightly concave; exine l.Ou 
thick; fine granulate sculpture; size 17u in diameter.
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Affinity: Granulatisporites sp.
Remarks: Distinguished from morphotype 79 by smaller size and fine
granulate sculpture.
MORPHOTYPE 204 Plate 10, Figure 2
Reference specimen: 6454-1 Count: 4
Disaccate, transverse axis of sacci wider than central body, onlap 
greater than offlap, central body slightly elliptical in outline, 
transverse axis greater than longitudinal axis; size, central body 
transverse axis 33u, longitudinal axis 25u, total miospore transverse 
axis 48.8u, longitudinal axis 38.5u.
MORPHOTYPE 206 Plate 25, Figure 9
Reference specimen: 6454-1 Count: 8
Monoporate, circular pore 3.0-3.5u in diameter; spherical shape; 
spinose sculpture, sculptured by a dense covering of spines, l.Ou in 
basal diameter and 2.0-3.0u high; size 24-26u in diameter.
Affinity: Cyst of unknown origin.
MORPHOTYPE 207 Plate 4, Figure 19
Reference specimen: 6454-1 Count: 37
Monocolpate, longitudinal colpus extends to poles, exine not thickened 
along furrow margins; spherical shape; exine l.Ou thick; reticulate 
sculpture, lumina 0.5-1.0u wide, muri 0.5u wide and l.Ou high; size 
23-26u in diameter.
Affinity: Family Liliaceae
Remarks: Distinguished from morphotype 107 by spherical shape, smaller
size and slightly finer reticulate sculpture (slightly smaller lumina 
and narrower muri).
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MORPHOTYPE 208 Plate 18, Figure 16
Reference specimen: 6454-1 Count: 1
Trilete, laesurae 18.5u long, exine slightly thickened along margin; 
subtriangular outline; exine l.Ou thick; granulate sculpture; size 
.50.0 x 47.5u in diameter.
Apertures indistinct, possibly polycolpate where the longitudinal 
furrows are indistinguishable as in Ephedra; prolate outline in 
equatorial view; series of longitudinal muri which appear to merge at 
the poles, muri 1.0-1.5u wide and l.Ou high separated by lumina l.Ou 
wide; smooth sculpture; size 20-23 x 15-17u.
Affinity: cf. Ephedra sp.
MORPHOTYPE 214 Plate 19, Figure 8
Reference specimen: 6455-1 Count: 4
Monocamerate, camera attached to central body at trilete aperture, 
offlap 8u; laesurae of trilete mark 9u long, with a slight exinal 
thickening along their margins; central body subtriangular to circular 
outline; fine granulate sculpture on camera; size of central body 
21.5u in diameter, maximum diameter of miospore 30.5u.
Affinity: cf. Endosporites sp.
MORPHOTYPE 215 Plate 4, Figure 5
Reference specimen: 6455-1 Count: 1
Triporate, pores located along equator at apices of triangle, pore 
shape indistinct due to debris, protrusion of exine in pore area;
MORPHOTYPE 209 Plate 9, Figure 8
Reference specimen: 6454-1 Count: 12
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triangular to subtriangular outline; exine l.Ou thick; smooth sculpture; 
size 18-20u in diameter.
Affinity: Extratriporopollenites sp.
Remarks: Characterized by large bulb-like protrusions of pore area.
MORPHOTYPE 216 Plate 16, Figure 11
Reference specimen: 6455-1 Count: 3
Trilete, laesurae extend to outline, exine slightly thickened along the 
margin; subtriangular outline; spinose sculpture, spines l.Ou in basal 
diameter and 2-3u in height, some slightly curved at the tip; size 26u 
in diameter.
Affinity: Acanthotriletes sp.
MORPHOTYPE 219 Plate 3, Figure 13
Reference specimen: 6531-1 Count: 6
Triporate, circular pores located at the apices of triangle around 
equator, pores 2-3u in diameter; triangular shape; exine 1.0-1.5u 
thick; reticulate sculpture, lumina 0.5u in diameter, muri 0.5-1.0u 
wide and 0.5u high; size 20u in diameter.
Affinity: Proteacidites sp.
Remarks: Distinguished from morphotype 13 by smaller size and finer
sculpture.
MORPHOTYPE 220 Plate 4, Figure 12
Reference specimen: 6550-1 Count: 100
Monocolpate, longitudinal furrow extends to poles, exine not thickened 
along the margin; prolate outline in equatorial view; smooth sculpture, 
lumina l.Ou wide, muri 0.5u wide and l.Ou high; size 14-17 x 6-10u.
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Remarks: Characterized by extremely small size distinguishing it from
all other monocolpate forms.
MORPHOTYPE 221 Plate 24, Figure 7
Reference specimen: 6455-1 Count: 58
Inaperturate; spherical shape, granulate sculpture; size 26-30u in 
diameter.
Affinity: Cyst of unknown origin.
MORPHOTYPE 223 Plate 21, Figure 2
Reference specimen: 6517-1 Count: 1
Globular cyst; wall divided into two layers, the outer one forms 
hollow spines about 8u long and 2-3u in basal diameter evenly distributed 
over the entire cyst; size 37.5u in diameter.
MORPHOTYPE 224 Plate 4, Figure 13
Reference specimen: 6518-1 Count: 41
Monocolpate, longitudinal furrow extends to poles; prolate outline in 
equatorial view; exine 0.5-1.0u thick; smooth sculpture; size 16-19 x 
9-12u.
Affinity: cf. Monsulcites sp.
Remarks: Smaller size distinguishes it from morphotypes 106 and 109.
Smooth sculpture distinguishes it from morphotypes 107 and 207.
MORPHOTYPE 225 Plate 14, Figure 3
Reference specimen: 6457-1 Count: 16
Trilete, laesurae 7u in length, exine slightly thickened along the 
margin; spherical shape; exine l.Ou thick; smooth sculpture; size 
18-20u in diameter.
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Remarks: Distinguished by small size, spherical shape, and laesurae
extending to margins of miospore.
MORPHOTYPE 226 Plate 4, Figures 10, 11
Reference specimen: 6473-1 Count: 526
Polyporate, 6-12 rather indistinct circular pores 3-5u in diameter; 
spherical shape; exine 1.0-1.5u thick; sculpture, small spines 0.5u 
in basal diameter and 0.5u high scattered over the entire grain l-2u 
apart; size 19-25u in diameter.
Affinity: .Sagittaria sp.
Remarks: Its small spines distinguish it from other porate forms.
MORPHOTYPE 227 Plate 5, Figure 20
Reference specimen: 6468-1 Count: 55
Tricolpate, elongate furrows extend 2/3 of longitudinal axis; prolate 
outline in equatorial view; faint reticulate sculpture, lumina l.Ou 
wide, muri less than 0.5u wide and less than 0.5u high; size 14-19u x 
9-llu.
Remarks: Small size and micro-reticulate sculpture characterize this
morphotype.
MORPHOTYPE 229 Plate 5, Figures 13, 18
Reference specimen: 6525-1 Count: 37
Tricolpate, elongate furrows extend almost to the poles, exine slightly 
thickened along the margin; prolate in equatorial view; exine 2.0u 
thick; scabrate sculpture; size 16-20 x ll-15u.
Remarks: Distinguished by small size and scabrate sculpture from
morphotypes 114, 141, 201, and 207.
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MORPHOTYPE 230 Plate 5, Figure 21
Reference specimen: 6503-1 Count: 13
Tricolpate, elongate furrows extend almost to poles, with slight 
thickening of exine along the margin; prolate in equatorial view; 
exine 1.5-2.0u thick; smooth to scabrate sculpture; size 26.2 x 15.9u. 
Remarks: Distinguished from morphotype 229 by larger size and longer
furrows.
MORPHOTYPE 231 Plate 8, Figure 3
Reference specimen: 6503-2 Count: 10
Tricolporate, elongate furrows extend to poles with slight thickening 
of exine along the margin, circular to slightly elliptical pores 
located equatorially, pores 1.5-3.0u in diameter, slight thickening 
of exine around each pore; spherical shape; exine l.Ou thick; scabrate 
sculpture; size 20.4 x 17.Ou.
MORPHOTYPE 233 Plate 4, Figure 18
Reference specimen: 6457-1 Count: 2
Monocolpate, longitudinal colpus extends to poles, exine slightly 
thickened along the margins; spherical shape; exine 1.0-1.5u thick; 
fine granulate sculpture; size 18.5u in diameter.
Affinity: cf. Family Liliaceae




Plate 3, Figure 7
Count: 13
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Triporate, pores evenly spaced around the equator at the apices of 
triangle, exine slightly thickened around pores, outline of pores not 
distinguishable in polar view; subtriangular outline; smooth sculpture; 
size 15u in diameter.
Affinity: Triporopollenites sp.
Remarks: Characterized by small size and subtriangular outline with
convex sides in polar view, distinguishing it from other triporate 
forms.
MORPHOTYPE 235 Plate 25, Figure 8
Reference specimen: 6457-1 Count: 3
Inaperturate; spherical shape, commonly folded in elliptical outline 
with one end squared-off, the resultant fold resembles a trilete scar; 
smooth sculpture; size 85u in equatorial diameter.
Affinity: Cyst of unknown origin.
MORPHOTYPE 237 Plate 6, Figure 1
Reference specimen: 6462-1 Count: 260
Tricolpate, elongated furrows extend to poles, exine slightly thickened 
along the margin; prolate in equatorial view; exine 1.0-1.5u thick; 
scabrate sculpture; size 20-22 x 16-18u.
Affinity: cf. Quercus sp.
Remarks: Smaller size and finer sculpture distinguish it from morphotype




Plate 18, Figure 11 
Count: 19
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Trilete, laesurae llu long, exine thickened along the margin; sub­
triangular outline; exine 2.5-3.0u thick; fine granulate sculpture; 
size 32.9u in diameter.
MORPHOTYPE 239 Plate 21, Figure 3
Reference specimen: 6456-1 Count: 2
Globular cyst, exine divided into two parts, the outer a very thin 
membrane extending as slender tubular processes, about 8u in length; 
size of cyst excluding processes 34u in diameter.
MORPHOTYPE 240 Plate 6, Figure 2
Reference specimen: 6525-1 Count: 404
Tricolpate, elongated furrows extend almost to poles, with slight 
thickening of exine along the margin; prolate in equatorial view; 
exine 1.5u thick; granulate sculpture; size 24-28 x 14-16u.
Affinity: cf. Quercus sp.
Remarks: Distinguished by smaller size and finer granulate sculpture
from morphotype 86. Larger size and coarser sculpture distinguish it 
from morphotypes 229, 230, and 237.
MORPHOTYPE 241 Plate 8, Figure 14
Reference specimen: 6456-1 Count: 27
Tricolporate, elongated furrows extend to poles, exine slightly 
thickened along furrow margins, pore elliptical in outline and size 
of l-3u in diameter; exine slightly thickened around pore; prolate 
outline in equatorial view; smooth to scabrate sculpture; size 21-24 x
12-16u.
Affinity: cf. Family Sapotaceae
Remarks: Distinguished from morphotype 173 by slightly larger size.
Distinguished from morphotype 102 by its larger size and elliptical­
shaped pores.
MORPHOTYPE 242 Plate 6, Figure 22
Reference specimen: 6456-1 Count: 3
Tetracolpate, 4 elongate furrows extend 1/4 polar radius from equator 
circular outline; exine 0.5-1.0u thick; scabrate to smooth sculpture; 
size 30.7u in diameter.
MORPHOTYPE 243 Plate 17, Figure 4
Reference specimen: 6454-1 Count: 1
Syntricolporate, furrows meet at poles, rather indistinct pores are 
located apically around the equator; triangular outline in polar view 
with rounded apices; exine 1.0-1.5u thick; fine reticulate sculpture, 
sculpture coarser in apical areas; size 25.2 X 27.ou 
Affinity: Cupanieidites sp.
Remarks: Distinguished by polar junction of furrows and coarser
sculpture in apical areas.
MORPHOTYPE 244 Plate 3, Figure 8
Reference specimen: 6050-1 Count: 128
Triporate, circular pores evenly spaced around equator, pores 2u 
in diameter; subtriangular outline with convex sides; exine 1.0-1.5u 
thick; smooth sculpture; size 23-25u in diameter.
Affinity: Mbmipites coryloides Wodehouse in Engelhardt, 1964.
Remarks: Subtriangular outline with convex sides distinguishes it
from morphotypes 16 and 147.
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MORPHOTYPE 245 Plato 15, Figures 10, 11
Reference specimen: 6456-1 Count: 13
Trilete, laesurae 8u in length, aperture indistinct on several 
specimens; spherical shape; reticulate sculpture, lumina 2.5-4.0u 
wide, muri l.Ou wide and 1.5u high; size 39-42u in diameter. 
Affinity: cf. Convolutispora sp. in Playford, 1963.
Tricolpate, elongate furrows extend almost to poles, exine slightly 
thickened along the margin; prolate outline in equatorial view; 
exine l.Ou thick; reticulate sculpture, lumina 2.0-2.5u wide, muri 
0.5-l.Ou wide and 0.5u high; size 32.9 x 26.lu.
Remarks: Characterized by large size and reticulate sculpture.
MORPHOTYPE 247 Plate 4, Figure 9
Reference specimen: 6480-1 Count: 4
Triporate, pores evenly spaced around the equator, exine thickened 
in the pole area, annulus 3-4u high and 7-9u wide; subtriangular outline; 
exiue l.Ou thick; smooth sculpture; size 25.Ou in diameter.
Affinity: Extratriporopollenites sp.
Remarks: Larger size and large bulbular protrusions of pore area
distinguish it from morphotypes 28 and 215.
MORPHOTYPE 248 Plate 7, Figure 22
Reference specimen: 6459-1 Count: 7
Tricolporate furrows extend to the poles, exine slightly thickened 
along the margins, circular pores located in furrows around equator,
MORPHOTYPE 246 Plate 9, Figure 6
Reference specimen: 6470-1 Count: 5
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pores 2-3u in diameter, exine thickened around each pore; subtriangular 
outline; exine 0.5u thick; smooth to scabrate sculpture; size 26u in 
diameter.
Affinity: Nyssa sp.
MORPHOTYPE 249 Plate 5, Figure 16
Reference specimen: 6456-1 Count: 89
Tricolpate, elongate furrows extend to poles, exine thickened along 
the margin; prolate outline in equatorial view; exine 1.5u thick; 
scabrate sculpture; size 18.2 x 12.5u.
Remarks: Small size and thickening along margins of colpi are
characteristic. The thick furrow margins distinguish it from forms of 
similar size particularly 229 and 230.
MORPHOTYPE 250 Plate 8, Figure 4, 5
Reference specimen: 6054-1 Count: 85
Tricolporate, elongate furrows extend to poles, exine slightly thickened 
along the margin, circular pores located in furrows around the equator, 
pores 1.0-1.5u in diameter, annulus 2.0u in diameter developed around 
each pore; spherical shape; exine 1.5u thick; sculpture faintly reticu­
late, lumina 0.5u wide, muri less than 0.5u wide and 0.5u high; size
13-15u in diameter.
Affinity: cf. Vitis sp.
Remarks: Small size, spherical shape, and small circular pore located
in middle of furrow distinguishes it from other colporate forms. A 
slightly tilted equatorial view is the preferred orientation.
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MORPHOTYPE 251 Plate 25, Figure 3
Reference specimen: 6458-1 Count: 36
Inaperturate, spherical shape; exine approximately 0.5u thick; 
reticulate sculpture, lumina less than 0.5u wide, muri 0.2u wide and 
0.5u high; size 20-22u in diameter.
Affinity: Cyst of unknown origin.
Monolete, single slit 22-24u in length with exine slightly thickened 
along the laesura margins; reniform to elliptical outline, exine 
l.Ou thick; sculpture is undulating surface forming a very low mesh, 
surface formed by localized thickenings of exine; size 36-45 x 26-32u. 
Affinity: cf. Polypodiicites sp.
Remarks: Distinguished from morphotype 73 by undulating surface
forming a very low mesh sculpture.
MORPHOTYPE 255 Plate 17, Figure 11
Reference specimen: 6474-1 Count: 9
Trilete, laesurae 8u in length; spherical shape; exine l.Ou thick;
reticulate sculpture, lumina 0.5u wide, muri 0.5u wide and 0.5-1.0u
high; size 34u in diameter.
Remarks: Distinguished by its microreticulate sculpture and spherical
shape.
MORPHOTYPE 256 Plate 25, Figure 10
Reference specimen: 6458-2 Count: 41
MORPHOTYPE 254 Plate 11, Figures 4, 5
Reference specimen: 6528-1 Count: 33
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Inaperturate; spherical shape; scabrate to smooth sculpture; size 30u 
in diameter.
Affinity: Cyst of unknown origin.
MORPHOTYPE 257 Plate 23, Figures 3, 4
Reference specimen: 6459-1 Count: 31
Inaperturate; spherical shape; covered with hair-like processes 0.5u 
in basal diameter and 4u long; exine 1.0-1.5u thick; size of central 
body 17u, maximum diameter including processes 26u.
MORPHOTYPE 258 Plate 1, Figure 14
Reference specimen: 6459-1 Count: 220
Polyporate, elliptical outlined pores indistinct on most specimens; 
circular to elliptical outline; exine 0.5-1.0u thick; fine granulate 
sculpture; size 26-30 x 24-26u.
Affinity: Family Cyperaceae
Remarks: Indistinct pores often give an inaperturate appearance. 
Distinguished from morphotypes 2, 195, and 196 by more circular outline. 
Finer granulate sculpture distinguishes it from morphotypes 195 and 196.
MORPHOTYPE 259 Plate 6, Figure 8
Reference specimen: 6459-1 Count: 49
Tricolpate, elongate furrows extend almost to poles; spherical shape; 
exine l.Ou thick; reticulate sculpture, lumina 1.5u wide, muri 0.5u 
wide and 0.5u high; size 18-20u in diameter.
Remarks: Distinguished from morphotypes 103 and 155 by its smaller
size and spherical shape. Distinguished from morphotype 98 by spherical 
shape. Distinguished from morphotype 85 by slightly larger lumina.
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MORPHOTYPE 260 Plate 12, Figure 7
Reference specimen: 6530-1 Count: 30
Trilete, laesurae 13-14u in length, extending almost to outline, 
slight thickening of exine along margin of laesurae; subtriangular to 
triangular outline; exine l.Ou thick; slight thickening of exine in 
interradial areas; smooth to scabrate sculpture; size 25-28u in 
diameter.
Affinity: Gleicheniidites sp.
Remarks: Characterized by interradial exinal thickening. Distinguished
from morphotype 59 by smaller size and lesser thickening of exine in 
interradial areas.
MORPHOTYPE 261 Plate 17, Figure 18
Reference specimen: 6459-1 Count: 1
Aperture not observed; subtriangular outline; baculate sculpture, 
elements 2-4u in diameter and 2-4u high; size 28.4u in diameter. 
Affinity: cf. Raistrickia sp.
MORPHOTYPE 262 Plate 17, Figure 9
Reference specimen: 6462-1 Count: 2
Trilete, slightly curved laesurae extend to the margin; exine thickened 
along laesurae margin; subtriangular outline; exine 0.5u thick; fine 
granulate sculpture, size 33u in diameter.
Remarks: Distinguished from morphotype 197 by its larger size and
thicker exine along laesurae margin.
MORPHOTYPE 263 Plate 5, Figure 21
Reference specimen: 6465-1 Count: 51
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Tricolpate, elongate colpi extend to poles; prolate outline in equatorial 
view; exine 0.5u thick; smooth sculpture; size 13-16 x 7-9u.
Remarks: Distinguished by its thin exine, smaller size and lack of
exine thickening along the margin of the colpi.
MORPHOTYPE 264 Plate 17, Figure 6
Reference specimen: 6462-1 Count: 3
Trilete, laesurae 5u long; subtriangular outline; coarse granulate 
sculpture; size 22u in diameter.
Remarks: Distinguished from morphotypes 197 and 262 by its coarser
granulate sculpture.
MORPHOTYPE 266 Plate 21, Figure 5
Reference specimen: 6462-1 Count: 7
Globular cyst; slender hollow processes 8-13u long and 2-3u wide 
slightly flared at base; a membraneous layer covers processes; size
of central body area 30u in diameter.
MORPHOTYPE 268 Plate 25, Figure 4
Reference specimen: 6462-1 Count: 20
Inaperturate; spherical shape; rugulate sculpture; size 12u in diameter.
MORPHOTYPE 270 Plate 18, Figure 9
Reference specimen: 6462-1 Count: 14
Trilete, laesurae extend to outline, exine thickened along the margin; 
subtriangular outline; zonate, zona 3-4u wide; size 30-33u in diameter.
MORPHOTYPE 271 Plate 11, Figure 14
Reference specimen: 6486-1 Count: 34
235
Monolete, laesura about 17u long; reniform outline in equatorial view; 
exine 1.5u thick; sculpture faintly reticulate, lumina 3-4u wide, 
muri less than 0.5u wide and approximately 0.5u high; size 44-54 x 
30-34u.
Affinity: Polypodiaceae
Remarks: Distinguished from morphotypes 73 and 254 by smaller lumina.
MORPHOTYPE 272 Plate 8, Figure 16
Reference specimen: 6487-1 Count: 7
Tricolporate, furrows extend almost to poles, exine slightly thickened 
along furrow margins, elliptical pores 1.0 x 3.0u in size located in 
middle of furrow around the equator, annulus developed around each 
pore; prolate shape in equatorial outline; exine 1.5u thick; scabrate 
sculpture; size 25-27 x 16-18u.
Remarks: Distinguished from morphotypes 102, 173, and 241 by its
slightly larger size and thinner exinal thickening along the margins 
of the furrows.
MORPHOTYPE 273 Plate 20, Figure 1
Reference specimen: 6463-1 Count: 2
Trilete, laesurae indistinct; spherical shape; exoexinal layer 
covers miospore and forms small anastomosing ridges, forming a 
reticulum; radiating out into lumina of reticulum from the junction 
of four ridges are smaller ridges that end blindly in the lumina; 
short spines are developed at the junctions of four ridges, lOu long 
and 2-4u wide at the base; size 64-66u in diameter.
Affinity: Styx minor Norton and Hall, 1967.
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Remarks: Norton and Hall, 1967, reported that (his species was
characteristic of the Hell Creek Formation (Cretaceous) of Montana and 
useful for distinguishing the Cretaceous-Tertiary boundary in that 
area.
MORPHOTYPE 275 Plate 24, Figure 2
Reference specimen: 6466-1 Count: 0
Inaperturate; spherical shape; exine 1.0-1.5u thick; small ligula,
l-2u wide, 2-3u long; scabrate to fine granulate sculpture; size 26u 
in diameter.
Affinity: cf. Sequoiapollenites sp.
Remarks: Observed during absolute frequency study, but not during
relative frequency counts.
MORPHOTYPE 276 Plate 7, Figure 1
Reference specimen: 6491-1 Count: 1046
Tricolpate, elongate colpi extending to the poles, may be indistinct 
in some equatorial views; spherical shape; spinose sculpture, spines 
1.0-1.5u in basal diameter and l.Ou high; size 12-20u in diameter. 
Affinity: Family Compositae
Remarks: Distinguished by generally smaller size. Short spines
distinguish it from morphotypes 91, 104, and 191.
MORPHOTYPE 278 Plate 24, Figure 4
Reference specimen: 6469-1 Count: 20
Inaperturate; spherical shape; coarse granulate sculpture, some ele­
ments appear to be small rods 0.5u in diameter and l.Ou high; size 
25u in diameter.
Affinity: Cyst of unknown origin.
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MORPHOTYPE 279 Plate 9, Figure 12
Reference specimen: 6506-1 Count: 24
Disaccate, longitudinal axis of central body longer than transverse 
axis; sacci semi-circular in outline, offlap is slightly greater than 
onlap, distal zone is 2/3 the length of longitudinal axis; fine 
reticulate sculpture on sacci; size of central body 45.5u for longitu­
dinal axis and 36.5u for transverse axis, total grain longitudinal 
axis is 66.Ou and transverse axis is 44.5u.
Affinity: cf. Pinus semicircularis Stanley, 1965.
Remarks: Distinguished from morphotype 115 by sacci extending slightly
beyond transverse axis of central body. Larger size and presence of 
distal furrow distinguish it from morphotype 204.
MORPHOTYPE 280 Plate 3, Figure 11
Reference specimen: 6469-1 Count: 1
Triporate, circular pores evenly spaced around equator at apices of 
triangle, pores 3.0-3.5u in diameter, exine slightly thickened around 
each pore; triangular outline; exine l.Ou thick; smooth sculpture; 
size 22-25u in diameter.
MORPHOTYPE 281 Plate 18, Figure 15
Reference specimen: 6531-1 Count: 2
Trilete, laesurae 17.Ou long, exine slightly thickened along margin; 
subtriangular outline; cingulate, cingulum 8u wide; smooth sculpture; 
size 60u in diameter including the cingulum.
Remarks: Both specimens observed badly corroded presumably by
bacterial activity.
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MORPHOTYPE 282 Plate 15, Figure 14
Reference specimen: 6485-1 Count: 10
Trilete, laesurae 14u long, exine slightly thickened along laesurae 
margins; circular outline; exine 1.0-1.5u thick; sculptured by short 
spines and bacula, elements 1.5-2.Ou in basal diameter and 1.0-1.5u 
high, sculpture not as coarse on proximal surface; size 40-48u in 
diameter.
Affinity: Osmundia sp.
MORPHOTYPE 284 Plate 4, Figure 16
Reference specimen: 6458-1 Count: 26
Monocolpate, longitudinal colpus extends to poles; prolate outline 
in equatorial view; exine 0.5-1.0u thick; smooth sculpture; size 
43.2 x 30.7u.
Affinity: Magnolia sp.
Remarks: Characterized by its large size.
MORPHOTYPE 286 Plate 9, Figure 13
Reference specimen: 6470-1 Count: 9
Disaccate, central body slightly elliptical in shape, transverse axis 
greater than longitudinal axis, offlap greater than onlap, distal 
furrow 1/3 of longitudinal axis, sacci as wide as central body; fine 
infra-reticulate sculpture in sacci; size of central body longitudinal 
axis 36.5u and transverse axis is 51.Ou, total miospore longitudinal
axis 80.5u and transverse axis 51.Ou.
Affinity: cf. Alisporites sp.
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MORPHOTYPE 287 Plate 16, Figure 10
Reference specimen: 6513-1 Count: 5
Trilete, laesurae extend to the edge of miospore, exine thickened 
along laesurae margin; circular outline; exine 1.5u thick; spinose 
sculpture, broad-based spines 3-4u in basal diameter, 3-5u high, evenly 
distributed over entire surface; size 45-50u in diameter.
Affinity: cf. Anthoceros sp.
Remarks: Distinguished by large size and broad-based spinose sculpture.
Distinguished from morphotype 47 by larger size and denser distribution 
of spines.
MORPHOTYPE 288 Plate 8, Figure 9
Reference specimen: 6471-1 Count: 10
Tricolporate, furrows extend almost to poles, exine slightly thickened 
along furrow margins, elliptical pores 2.0 x 3.0u in size situated in 
middle of each furrow on equator; prolate outline in equatorial view; 
exine 1.5u thick; scabrate sculpture; size 21-23 x 13-15u.
Affinity: Family Unibelliferae
Remarks: Distinguished from morphotypes 102 and 173 by its larger
size. Distinguished from morphotype 272 by its smaller size. 
Distinguished from morphotype 241 by thicker exine along furrow margins 
and larger pore (2 x 3u vs. 1 x 3u).
MORPHOTYPE 291 Plate 14, Figure 10
Reference specimen: 6472-1 Count: 3
Trilete, laesurae indistinct; "Y-shaped" thickening of exine on distal 
surface, arms of Y 26.5u long and 9u wide; cingulate, cingulum 8-10u 
wide; smooth sculpture; size 59u in diameter.
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Affinity: Cingulatisporites sp.
Remarks: Characterized by wide cingulum and large "Y-shaped" thickening
of exine on distal surface.
MORPHOTYPE 293 Plate 7, Figure 3
Reference specimen: 6476-1 Count: 368
Tricolporate, furrows extend almost to poles, pores rather indistinct, 
located in middle of furrows around the equator; spherical shaped; 
spinose sculpture, spines 1.5-2.0u in basal diameter and 2.0-3.0u 
high; size 23-28u in diameter.
Affinity: Family Compositae
Remarks: Distinguished from morphotypes 91 and 276 by larger spines.
Distinguished from morphotype 104 by greater number of slightly smaller 
based spines. Spines of morphotype 191 are bent at tips which are 
different from spines of this morphotype.
MORPHOTYPE 294 Plate 7, Figure 19
Reference specimen: 6476-1 Count: 11
Tricolpate, elongate colpi extend to poles; prolate to spherical outline
in equatorial view; reticulate sculpture, lumina 2.0-2.5u wide, muri 
0.5-l.Ou wide and 1.5-2.0u high; size 18.2u in diameter.
Remarks: Distinguished from other reticulate colpate and colporate
forms by very wide lumina and thin high muri.
MORPHOTYPE 295 Plate 14, Figure 1
Reference specimen: 6481-1 Count: 16
Trilete, laesurae 5u long; aperture indistinct on most specimens;
subtriangular outline with convex sides; smooth sculpture; size 21-30u 
in equatorial diameter.
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Remarks: Distinguished from morphotype 44 by subtriangular polar
outline with convex sides.
MORPHOTYPE 296 Plate 16, Figure 6
Reference specimen: 6479-1 Count: 1
Trilete, laesurae about 13-15u in length, exine slightly thickened 
along margin; spherical shape; sculpture closely spaced verrucae; 
size 51u in diameter.
MORPHOTYPE 298 Plate 12, Figure 10
Reference specimen: 6482-1 Count: 19
Trilete, laesurae 7u long, exine slightly thickened along margin; 
triangular outline, interradial areas slightly concave, exine slightly 
thickened at broadly rounded apices; exine 0.5-1.0u thick; smooth 
sculpture; size 19-23u in diameter.
Affinity: Triquitrites sp.
Remarks: Characterized by thickening in apical areas. Distinguished
from morphotypes 56 and 57 by small size and lesser thickening in 
apical areas.
MORPHOTYPE 299 Plate 5, Figure 14
Reference specimen: 6480-1 Count: 142
Trlcolpate, elongate colpi extend to poles, exine not thickened along 
margin; spherical outline in equatorial view; exine l.Ou thick; 
scabrate to smooth sculpture; size 17-20 x 15-17u.
Remarks: Distinguished by smaller size and spherical shape from other
similar colpate forms.
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MORPHOTYPE 300 Plate 22, Figure 3
Reference specimen: 6480-1 Count: 12
Globular cyst with hollow tube-like processes, processes 13-16u long 
and 5-10u in diameter, tips of processes flattened with 3 rays; size 
central body 68u in diameter.
Affinity: Hystrichosphaeridium sp.
Trilete, laesurae extend almost to miospore margin; cingulate, cingulum
2-5u; circular outline; exine 1.5u thick; smooth sculpture, "Y" shaped 
thickening of exine on distal surface; size 26-32u in diameter.
Affinity: Cingulatisporites spp.
Remarks: Characterized by cingulum and "Y" shaped mark on distal 
surface. Distinguished from morphotype 291 by smaller size. Several 
species of Cingulatisporites including Figure 9, C. dakotaensis,
Stanley, 1965, are included in this, morphotype.
MORPHOTYPE 303 Plate 3, Figure 5
Reference specimen: 6453-1 Count: 371
Triporate, circular to slightly elliptical pores evenly spaced in 
one hemisphere just above equator, pores 1.5-2.0u diameter; subtriangular 
to circular outline; exine 1.0-1.5u thick; smooth sculpture; size 
26-32u in diameter.
Affinity: Carya sp.
Remarks: Distinguished from morphotype 12 by thinner exine and very
small armulus developed around the pores.
MORPHOTYPE 301 Plate 14, Figures 8, 9
Reference specimen: 6519-1 Count: 15
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MORPHOTYPE 306 Plate 14, Figures 15, 16
Reference specimen: 6483-1 Count: 7
Trilete;laesurae extend to the margin, exine slightly thickened along 
laesurae margin; circular outline; exine 3.0u thick; proximal surface 
has granulate sculpture, distal surface has an irregularly spaced 
spinose sculpture; size 48-50u in diameter.
Remarks: Distinguished by granulate proximal surface and small spines
on distal surface.
MORPHOTYPE 308 Plate 1, Figure 18
Reference specimen: 6483-2 Count: 5
Polyporate, 6-8 circular pores distributed over the entire grain,
pores 3-4u in diameter, exine thickened in the interpore area; 
spherical shape; smooth sculpture; size ll-14u in diameter.
Remarks: Small size and arrangement of pores are characteristic.
MORPHOTYPE 309 Plate 17, Figure 3
Reference specimen: 6483-2 Count: 10
Trilete, laesurae extend to outline, exine slightly thickened along 
the margin; subtriangular outline; smooth sculpture; size 28.5u in 
diameter.
Remarks: Distinguished by subtriangular outline and length of
laesurae.
MORPHOTYPE 310 Plate 15, Figure 6
Reference specimen: 6492-1 Count: 9
Trilete, laesurae indistinct; subtriangular outline; three sets of 
muri form concentric triangles in polar view, muri 4.0-4.5u wide
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separated by 1.5u lumina, muri merge at the triangle apices to extend 
beyond the equatorial outline of the grain, these protrusions are 
7-8u wide and extend 7u beyond the equatorial outline; size 49.5 x 
42.Ou across the equator.
Affinity: Appendicisporites sp.
MORPHOTYPE 311 Plate 24, Figure 11
Reference specimen: 6497-1 Count: 1
Trilete, aperture indistinct; spherical shape; reticulate sculpture, 
high membraneous muri enclosing large polygonal lumina, muri 5-lOu 
high, 2-3u wide at base tapering to pointed tops, muri produce 
"pseudoflange" along margins; exine 2-3u thick; total size 58u in 
diameter.
Affinity: Reticulatisporites sp. cf. R. cheveriensis Playford, 1963.
Remarks: Distinguished by large size and membraneous muri covering
lumina. Distinguished from morphotype 273 by smaller size.
MORPHOTYPE 312 Plate 16, Figures 3, 4
Reference specimen: 6496-1 Count: 6
Trilete, laesurae extend to margin of miospore; subtriangular outline, 
exine 3.0-3.5u thick; reticulate sculpture, lumina 2-3u wide, muri 
0.5-1.0u wide and 2.0-2.5u high; size 27u in diameter.
Affinity: Lycopodium sp.
MORHPOTYPE 313 Plate 19, Figure 3
Reference specimen: 6496-1 Count: 1
Trilete, laesurae extend to margin of central body, zonate, zona 
developed equatorially, about 6u wide; subtriangular to circular
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outline; exine l.Ou thick; sculpture granulate on central body, 
smooth on zona; size 56.8 x 51.lu.
MORPHOTYPE 315 Plate 20, Figures 12, 13
Reference specimen: 6502-1 Count: 12
Inaperturate; circular outline; short 2u long rodlets extend beyond 
the equatorial outline; in polar areas the rods are joined by muri, 
Q.5u wide and l.Ou high; size 16-18u in diameter.
MORPHOTYPE 316 Plate 15, Figure 2
Reference specimen: 6504-1 Count: 3
Trilete, laesurae extend to outline, exine slightly thickened along 
the margin; spherical shape; exine 2.5-3.0u thick; scabrate sculpture; 
size 43.2u in diameter.
MORPHOTYPE 317 Plate 12, Figure 1
Reference specimen: 6505-1 Count: 4
Monolete, laesura 21u long, exine slightly thickened along the 
laesura margins; spherical shape; exine 2.0-2.5u thick; pilate 
sculpture, pilae 1.5u high, closely packed so that heads touch one 
another; size 30.8u in diameter.
Remarks: Distinguished from other monolete forms by pilate sculpture.
MORPHOTYPE 318 Plate 4, Figure 3
Reference specimen: 6506-1 Count: 3
Tricolpate (tricolporate?), elongate furrows restricted to a few 
microns either side of equator, exine thickened along each furrow,
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forming a slightly concave mass beneath the furrow, this mass accepts 
stain more readily than the rest of exine; pores are indistinct if 
present; subtriangular outline; exine 1.5u thick; sculpture is a pitted 
appearance, lumina l.Ou in diameter, muri 0.5u wide; size 20.5u in 
diameter.
Remarks: Distinguished from morphotype 24 by smaller concave thickened
mass beneath each furrow.
MORPHOTYPE 319 Plate 7, Figure 18
Reference specimen: 6507-1 Count: 29
Tricolpate, elongate furrows extend almost to the poles; prolate to 
circular outline in equatorial view; exine 1.5-2.0u thick; reticulate 
sculpture, lumina 0.5-1.0u wide, muri composed of tectate club-shaped 
elements 1.0-1.5u high; size 19.5 x 18.Ou.
Remarks: Distinguished by small size and tectate elements arranged
as a reticulum.
MORPHOTYPE 320 Plate 20, Figure 11
Reference specimen: 6507-1 Count: 1
Inaperturate; spherical shape; exine l.Ou thick; spinose sculpture, 
short broad based slightly curved spines, 1.5-2.0u in basal diameter 
and 3-5u long; size 15-19u in diameter.
Affinity: Cyst of unknown origin.
MORPHOTYPE 322 Plate 3, Figure 8
Reference specimen: 6508-1 Count: 7
Triporate, circular pores located equatorially at apices of triangle, 
pores l-2u in diameter, exine thickened in pore region forming a
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protruding structure around each pore; subtriangular to triangular 
outline; exine l.Ou thick; smooth to scabrate sculpture; size 21-25u 
in diameter.
Affinity: Extratriporopollenites spp.
MORPHOTYPE 323 Plate 24, Figure 8
Reference specimen: 6511-1 Count: 9
No aperture apparent; spherical shape; cristate sculpture, spines 
fused together to form irregular-shaped ridges; size 22-25u in 
diameter.
MORPHOTYPE 324 Plate 2, Figure 18
Reference specimen: 6454-2 Count: 6
Tetraporate, 4 pores, 2 located on each surface of the central body
about 1/4 the total body length from each end, these may be indistinct,
sometimes giving the appearance of only 2 pores; elliptical outline;
a well developed flange is located equatorially reinforced with 
spinae, flange widest along lateral edges of body (about 9u wide), 
narrower at ends of body (about 4u); size 54.5 x 39.8u.
Affinity: Wodehouseia spinata, Stanley, 1961, Plate 1, Figures 1-6.
Remarks. W. spinata has been reported only from late Upper Cretaceous 
age sediments from the northern and western continental interior.
MORPHOTYPE 325 Plate 14, Figure 17
Reference specimen: 6523-1 Count: 6
Trilete, laesurae llu in length; subtriangular outline in polar view; 
exine 1.5u thick; granulate sculpture, grana 2-3u in diameter, and 
0.5u high; size 18-20u in diameter.
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Affinity: Sphagnum cf. £. regium in Stanley, 1965.
Remarks: Distinguished by coarse grana, subtriangular outline and
small size.
MORPHOTYPE 326 Plate 11, Figure 10
Reference specimen: 6516-1 Count: 3
Monolete, laesura 16u long, exine slightly thickened along margin; 
reniform shaped; a very thin exoexinal membrane (velum) covers the 
entire miospore; size 40 x 27.5u.
Remarks: Characterized by velum.
MORPHOTYPE 327 Plate 12, Figure 13
Reference specimen: 6525-1 Count: 5
Trilete, laesurae 23.5u long, exine thickened along margin; triangular 
outline with slightly rounded apices; smooth sculpture; size 38.5u in 
diameter.
Affinity: cf. Obstusisporis sp. in Pocock, 1970.
Remarks: Distinguished from morphotype 38 by larger size and thicker
laesurae margin.
MORPHOTYPE 328 Plate 6, Figure 15
Reference specimen: 6463-1 Count: 39
Tricolpate, elongate furrows extend almost to the poles; prolate 
outline in equatorial view; exine l„5u thick; reticulate sculpture, 
lumina l.Ou wide, muri less than 0.5u wide and 0.5-1.0u high; size 
25.0 x 15.Ou.
Remarks: Distinguished from morphotypes 85 and 155 by thicker exine.
Distinguished from morphotype 103 by smaller size and thicker exine.
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Distinguished from morphotypes 98 and 259 by finer reticulate sculpture 
(smaller lumina).
MORPHOTYPE 330 Plate 7, Figure 8
Reference specimen: 6533-1 Count: 234
Tricolpate, elongate furrows indistinct and extend almost to poles; 
circular to subtriangular outline; spinose sculpture, spines 1.5u wide 
and 0.5u high; scattered 2.5-4.0u apart, area between spines is 
punctate; size 20-25u in diameter.
MORPHOTYPE 332 Plate 8, Figure 2
Reference specimen: 6464-1 Count: 8
Tricolpate, elongate colpi 18.5u long, exine slightly thickened along 
margin; rhomboidal in equatorial outline; exine 1.5u thick; granulate 
sculpture; size 33u in diameter.
Remarks: Characterized by rhomboidal outline in equatorial outline.
MORPHOTYPE 333 Plate 12, Figure 19
Reference specimen: 6465-1 Count: 7
Trilete, laesurae 12.5u long, exine thickened along margin; subtriangular 
outline; smooth sculpture; size 28-30u in diameter.
MORPHOTYPE 334 Plate 10, Figure 1
Reference specimen: 6465-1 Count: 1
Saccate (disaccate?), longitudinal axis longer than transverse axis 
of central body; sacci semicircular in outline; distal zone 2-4u; 
no proximal cap, sacci continuous with proximal surface of central 
body; longitudinal axis of entire grain 104.8u.
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Remarks: Probably an aberrant form, closely resembling morphotype
120, particularly in size. There appears to be a third saccus that 
is developed laterally from the two distal sacci.
MORPHOTYPE 335 Plate 5, Figure 5
Reference specimen: 6466-1 Count: 118
Tricolpate, elongate furrows extend almost to poles; circular outline; 
exine 1.5u thick; smooth sculpture; size 18-20u in diameter.
Remarks: Distinguished by longer furrows from morphotype 90.
Spherical shape and smooth sculpture distinguish it from morphotype 229.
MORPHOTYPE 336 Plate 6, Figure 18
Reference specimen: 6469-1 Count: 11
Tricolpate, elongate furrows extend almost to poles; circular outline; 
exine 1.0-1.5u thick; reticulate sculpture, lumina about l.Ou wide, 
muri 0.5-1.0u wide and l.Ou high; size 30u in diameter.
MORPHOTYPE 337 Plate 6, Figure 6
Reference specimen: 6504-1 Count: 567
Tricolpate (tricolporate), elongate furrows extend to poles, exine 
not thickened along margin, pores if present circular and 1.5-2.0u 
in diameter located around the equator; prolate to spherical outline 
in equatorial view; exine 1.5u thick; reticulate sculpture, lumina 1.5- 
2.0u wide, muri 0.5-1.0u wide and l.Ou high; size 18-22 x ll-14u. 
Affinity: Salix sp.
Remarks: Distinguished from morphotypes 85, 98, 155, 259 and 328 by
coarser reticulation. Muri are thicker and lumina wider than in 
similar morphotypes particularly morphotype 98.
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MORPHOTYPE 339 Plate 24, Figure 14
Reference specimen: 6460-1 Count: 3
No aperture apparent; spherical shape; exine 5-7u thick; granulate to 
verrucate sculpture; size 54-65u in diameter.
MORPHOTYPE 340 Plate 22, Figure 5
Reference specimen: 6471-1 Count: 1
Globular cyst, exine divided into two parts, an outermost layer 
elongated in the apical and antapical areas, and an inner layer 
covering a central body; archeopyle located in apical area; granulate 
sculpture; size of central body 42u in diameter, total specimen 
59 x 42u.
Affinity: Family Deflandreaceae
Remarks: Distinguished from morphotype 128 by smaller size.
MORPHOTYPE 341 Plate 8, Figure 6
Reference specimen: 6471-1 Count: 91
Tricolporate, elongate colpi extend almost to poles, circular pores 
situated in middle of furrows around equator, pores 1.0-1.5u in 
diameter, exine slightly thickened around pores; prolate outline in 
equatorial view; exine l.Ou thick; smooth sculpture; size 14-17 x 
7-10u.
Affinity: Castanea




Plate 5, Figure 3
Count: 36
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Tricolpate, (tricolporate?), elongate colpi extend to poles, and 
located radially at apices of triangle; gaping ends of furrows around 
equatorial outline may be pores; triangular outline; exine l.Ou thick; 
smooth sculpture; size 14-16u in diameter.
Remarks: Characterized by triangular outline.
MORPHOTYPE 343 Plate 3, Figure 14
Reference specimen: 6472-1 Count: 7
Trlporate, circular pores 1.5u in diameter and evenly spaced around 
equator, pore area elongated, exine thicken in pore area; subtriangular 
outline; exine 1.5u thick; fine reticulate sculpture, lumina l.Ou wide, 
muri 0.5u wide and 0.5u high; size 20.5u in diameter.
Affinity: Proteacidites sp.
Remarks: Slightly elongated pore area with thickened exine results
in a slightly protruding pore distinguishing it from morphotype 219. 
Differentiated by smaller size and finer sculpture from morphotype 13.
MORPHOTYPE 345 Plate 12, Figure 16
Reference specimen: 6474-1 Count: 2
Trilete, laesurae ll,5u long, exine slightly thickened along margin; 
subtriangular outline; exine 1.5u thick; smooth sculpture; size 28.4 x 
23.8u.
Remarks: The two specimens were dark brown in color and the exine
irregularly corroded, this probably suggests reworking.
MORPHOTYPE 346 Plate 24, Figure 13
Reference specimen: 6476-1 Count: 1
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Trilete, laesurae 9u long; subtriangular outline; zonate, zona 9u 
wide of which 4u extends beyond the central body; size central body 
54.5u in diameter, total diameter 63.5u.
Affinity: Cirratriradites sp.
MORPHOTYPE 347 Plate 16, Figure 12
Reference specimen: 6476-1 Count: 1
Trilete, laesurae 6u long, exine thickened along margin; subtriangular 
outline; sculptured by irregularly distributed spines and baculae, 
l.Ou in diameter and l.Ou high; size 25u in diameter.
Remarks: Distinguished from morphotype 216 by irregularly distributed
spines and baculae.
MORPHOTYPE 348 Plate 25, Figure 6
Reference specimen: 6476-1 Count: 39
Inaperturate; spherical shape; reticulate sculpture, lumina 5-6u 
wide, muri l.Ou wide and 3-5u high; size 33-38u in diameter.
Affinity: Cyst of unknown origin.
MORPHOTYPE 349 Plate 8, Figure 13
Reference specimen: 6477-1 Count: 30
Tricolporate, elongate colpi extend almost to poles; circular pores,
4-5u in diameter, located in the middle of each furrow along the 
equator, exine slightly thickened around each pore; prolate to spherical
outline in equatorial view; exine l.Ou thick; scabrate sculpture;
size 30-33 x 23-25u.
Affinity: Family Sapotaceae
Remarks: Distinguished from morphotypes 102, 173, 241, 272, and 341
by larger size and large circular pores.
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MORPHOTYPE 350 Plate 5, Figure 30
Reference specimen: 6524-1 Count: 15
Tricolpate, elongate colpi extend to poles with no thickening of 
exine along margin; spherical shape; exine 1.0-1.5u thick; scabrate to 
granulate sculpture; size 23-27 x 19-21u.
Remarks: Distinguished by large size, smooth sculpture and length of
colpi.
MORPHOTYPE 352 Plate 11, Figure 1
Reference specimen: 6450-1 Count: 12
Disaccate, central body more or less circular in outline; sacci almost 
circular, transverse axis of sacci greater than transverse axis of 
central body; offlap greater than onlap; distal zone 5.5u wide; size 
central body 26-28u in diameter, total grain longitudinal axis 60-64u 
and transverse axis 36-39u.
Affinity: cf. Podocarpus sp.
Remarks: Distinguished from other saccate forms by its large sacci
compared with central body size.
MORPHOTYPE 353 Plate 24, Figure 12
Reference specimen: 6481-1 Count: 8
No aperture apparent; circular to prolate outline; baculate sculpture,
elements 2-6u high, and 2-4u in basal diameter; size 60-70u in 
diameter.
Affinity: Cyst of unknown origin.
MORPHOTYPE 354 Plate 7, Figure 13
Reference specimen: 6483-1 Count: 1
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Tricolpate (?), apertures indistinct in the single specimen observed, 
and seen only as gaping openings in exine along equator in polar view, 
exine not thickened around apertures; triangular outline; exine 2.0-2.5u 
thick; reticulate sculpture, lumina 4-6u wide, muri 0.5u wide and 0.5u 
high; size 25u in diameter.
Remarks: Distinguished by triangular outline in polar view and
reticulate sculpture with low muri and wide lumina.
MORPHOTYPE 355 Plate 7, Figure 15
Reference specimen: 6526-1 Count: 9
Monocolpate, longitudinal colpus extends to poles, exine slightly 
thickened along margin; prolate outline in polar view; exine l„5u 
thick; reticulate sculpture, lumina 1.0-1.5u wide, muri 0.5u wide and
1.0-1.5u high; size 31.8 x 13.6u.
Affinity: Family Liliaceae
Remarks: Distinguished from morphotype 107 by coarser reticulate
sculpture and narrow aperture. Distinguished from morphotypes 207 and 
233 by larger size, prolate equatorial outline and coarser reticulate 
sculpture.
MORPHOTYPE 357 Plate 8, Figure 17
Reference specimen: 6483-2 Count: 12
Tricolporate, elongate colpi extend almost to poles, exine slightly 
thickened along margin, circular pores, 1.5-2.0u in diameter, located 
in middle of the colpi along the equator, exine slightly thickened 
around each pore; spherical shape; exine 1.0-1.5u thick; scabrate 
sculpture; size 25.0 x 20.Ou.
Remarks: Characterized by size, spherical shape, and circular pore.
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MORPHOTYPE 359 Plate 13, Figure 1
Reference specimen: 6470-1 Count: 5
Trilete, laesurae 17.Ou long, exine thickened along margin, contact 
area thicker than rest of exine; circular outline; exine 0.5u thick; 
smooth sculpture; size 87u in diameter.
Affinity: Calamospora sp.
Remarks: Characterized by extremely large size and smooth sculpture.
MORPHOTYPE 360 Plate 4, Figure 17
Reference specimen: 6466-1 Count: 18
Monocolpate (?), longitudinal colpus extends almost to poles; prolate 
outline in equatorial view; exine 1.0-1.5u thick; punctate sculpture; 
size 39.6 x 18.6u„
Remarks: The aperture is very difficult to observe on the specimens
recorded. The miospore appears folded longitudinal in the vicinity 
of the single aperture.
MORPHOTYPE 361 Plate 12, Figure 4
Reference specimen: 6462-1 Count: 3
Trilete, laesurae 9u long, exine thickened along margin; triangular 
outline with rounded apices; exine 0.5-1.0u thick; smooth sculpture; 
size 25u in diameter.
MORPHOTYPE 363 Plate 20, Figure 10
Reference specimen: 6491-1 Count: 6
Inaperturate; spherical central body; 8-15u long, thin, processes
5-8u in length, irregularly distributed over the entire body; exine 
l.Ou thick; size central body 18-20u in diameter.
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Remarks: Distinguished from morphotype 320 by slender needle-like
processes.
MORPHOTYPE 364 Plate 8, Figure 15
Reference specimen: 6491-2 Count: 19
Tricolporate, elongate colpi extend to poles, circular pores 4-6u 
in diameter, located in colpi along the equator, exine slightly 
thickened around each pore; prolate outline in equatorial view; 
exine 2-3u thick; scabrate sculpture; size 33-35 x 19-21u.
Affinity: Family Sapotaceae
Remarks: Distinguished from morphotypes 102, 108, 173, 241, 272,
341, 349, and 357 by its large size and large circular pores. 
Distinguished from morphotype 88 by smaller size and more distinct pore.
MORPHOTYPE 368 Plate 9, Figure 7
Reference specimen: 6496-1 Count: 6
Tricolporate, elongate colpi extend almost to poles, exine slightly 
thickened along margin; circular pores situated in the middle of the 
colpi around the equator, pores 2u in diameter, exine slightly thickened 
around each pore; circular outline in equatorial view; fine reticulate 
sculpture lumina l.Ou wide, muri l.Ou wide and 0.5u high; size 23u in 
diameter.
Remarks: Distinguished by microreticulate sculpture for colporate
miospores of its size range.
MORPHOTYPE 369 Plate 10, Figure 5
Reference specimen: 6497-1 Count: 1
Disaccate, transverse axis of central body slightly longer than 
longitudinal axis; transverse axis of sacci equal to transverse axis
258
of central, body; sacci semi-circular in outline; of flap greater then 
onlap; distal zone 2.0-3.0U wide; fine reticulate sculpture on sacci; 
size: central body longitudinal axis 13.5u, transverse axis 17.Ou;
total grain: longitudinal axis 35.5u and transverse axis 17.Ou.
Remarks: Characterized by smaller size amongst saccate miospores.
MORPHOTYPE 371 Plate 1, Figure 2
Reference specimen: 6507-1 Count: 3
Monoporate, elliptical shaped pores 2 x 6u in size, very thick annulus
developed around pore 7-8u in diameter, 2-3u high; circular to slightly
elliptical outline; exine l.Ou thick; scabrate sculpture; size 54.5 x 
37.5u.
Affinity: Family Gramineae
Remarks: Characterized by very thick annulus which distinguishes it
from morphotypes 5, 6, 25, and 26. Differentiated from morphotype 
7 by its larger size.
MORPHOTYPE 372 Plate 23, Figure 5
Reference specimen: 6528-1 Count: 2
Inaperturate, spherical shape; sculptured by closely spaced setae; 
size 25u in diameter.
MORPHOTYPE 373 Plate 14, Figure 7
Reference specimen: 6516-1 Count: 1
Trilete, laesurae 15u in length, exine slightly thickened along margin; 
triangular outline with rounded apices; smooth sculpture; size 34u 
in diameter.
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MORPHOTYPE 374 Plate 7, Figure 6
Reference specimen: 6529-1 Count: 4
Tricolpate, elongate colpi extend almost to the poles, exine not
thickened along margin; spherical shape; exine 1.5-2.0u thick; spinose 
sculpture, spines 3-4u in basal diameter and 3-5u high, evenly 
distributed over entire surface; size 40-45u in diameter.
Affinity: Family Compositae
Remarks: Distinguished from morphotypes 91, 104, 191, 276, and 293 by
larger size and larger spines.
MORPHOTYPE 376 Plate 20, Figure 6
Reference specimen: 6526-1 Count: 7
Inaperturate; spherical shape; sculptured by slender needle-like 
processes, processes less than 0.5u in basal diameter and 4-5u long; 
size 28.5u in diameter excluding processes.
Remarks: Distinguished from morphotypes 133 and 139 by great number
of needle-like processes.
MORPHOTYPE 377 Plate 11, Figure 9
Reference specimen: 6526-1 Count: 4
Monolete, slit aperture rather indistinct; reniform outline in 
equatorial view; exine 2.0u thick; coarse reticulate sculpture, lumina 
2.0u in diameter, muri 0.5-1.0u wide and l.Ou high; size 34.0 x 20.5u. 
Remarks: Distinguished by coarse reticulate sculpture and smaller
size differentiating it from morphotypes 73, 254, and 271.
MORPHOTYPE 378 Plate 3, Figure 17
Reference specimen: 6530-1 Count: 3
Triporate, circular pores l-2u in diameter, located equatorially at 
the apices of triangle, exine thickened in the pore area forming a 
protruding structure; triangular outline; exine 1.0-1.5u thick; smooth 
sculpture; size 25.Ou in diameter.
Affinity: Extratriporopollenites sp. (?)
MORPHOTYPE 379 Plate 14, Figure 13
Reference specimen: 6533-1 Count: 3
Trilete, laesurae 6u long; circular outline; exine 1.5-^2.0u thick; 
thickening of exine in interradial areas between laesurae; smooth 
sculpture; size 28.5u in diameter.
MORPHOTYPE 380 Plate 16, Figure 13
Reference specimen: 6537-1 Count: 1
Trilete, laesurae 9u in length; subtriangular to circular outline; 
exine 3.0-3.5u thick; pilate sculpture; size 25u in diameter.
MORPHOTYPE 381 Plate 9, Figure 9
Reference specimen: 6537-1 Count: 2
Polycolpate, elongate colpi indistinct and lying between muri on exine 
prolate outline in equatorial view; smooth sculpture, 10-12 muri are 
present, ridges 3~5u wide and 1.5u high; size 38.5 x 19.5u.
Affinity: cf. Ephedra sp.
Remarks: Distinguished from morphotype 209 by larger size.
MORPHOTYPE 382 Plate 17, Figure 16
Reference specimen: 6539-1 Count: 2
Monolete, laesura 19u long, exine thickened along margin; prolate
outline in equatorial view; exine 0.5u thick; sculptured by widely
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spaced short broad based spines, l.Ou in basal diameter and l.Ou high; 
size 25 x 17u.
Remarks: Only two specimens observed, both were partly covered by
debris, and a complete description could not be obtained.
MORPHOTYPE 384 Plate 17, Figure 10
Reference specimen: 6539-1 Count: 1
Trilete, laesurae extend almost to outline; subtriangular to spherical 
outline; exine l.Ou thick; granulate sculpture; size 35.Ou in diameter. 
Remarks: Distinguished from morphotypes 197 and 262 by coarser granulate
sculpture and slightly larger size. Distinguished from morphotype 264 
by larger size.
MORPHOTYPE 385 Plate 12, Figure 5
Reference specimen: 6539-1 Count: 5
Trilete, laesurae 21.5u long, extending to outline, exine slightly 
thickened along margin; triangular outline; exine thickened in 
interradial areas, exine 1.5u thick; smooth sculpture; size 40-43u 
in diameter.
Affinity: Gleicheniidites sp.
Remarks: Characterized by exine thickening in interradial areas.
Distinguished from morphotypes 59 and 260 by larger size.
MORPHOTYPE 386 Plate 13, Figure 5
Reference specimen: 6550-1 Count: 7
Trilete, laesurae extend to edge of the miospore, exine thickened 
along margin; spherical shape; exine l.Ou thick; smooth sculpture; 
size 55.5 x 37.5u.
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Affinity: Calamospora sp.
Remarks: Distinguished by large size and thin exine. Distinguished
from morphotype 359 by smaller size and length of laesurae.
MORPHOTYPE 387 Plate 13, Figure 2
Reference specimen: 6450-1 Count: 14
Trilete, laesurae 14u long, exine slightly thickened along margin;
subtriangular outline; exine 0.5u thick; smooth sculpture; size 40u
in diameter.
Affinity: Calamospora sp.
Remarks: Distinguished from morphotype 359 by smaller size.
Distinguished from morphotype 386 by shorter laesurae and smaller size.
MORPHOTYPE 388 Plate 13, Figure 8
Reference specimen: 6461-1 Count: 3
Trilete, laesurae llu long, exine slightly thickened along margin; 
circular outline; smooth sculpture; size 38.5u in diameter.
Remarks: Distinguished from morphotypes 359 and 386 by smaller size.
Distinguished from morphotype 387 by thinner exine and thicker 
laesurae margins.
MORPHOTYPE 389 Plate 14, Figure 19
Reference specimen: 6468-1 Count: 1
Trilete, laesurae 9-10u long; triangular outline with rounded apices; 
cingulate, cingulum 3-6u thick, irregular in outline where it joins 
with rugulate sculpture; size 36.5u in diameter.
Affinity: Triquitrites cf. T. sculptilis, Balme.
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MORPHOTYPE 391 Plate 12, Figure 17
Reference specimen: 6498-5 Count: 1
Trilete, laesurae 6-8u in length, exine thickened along margin;
subtriangular outline; exine l.Ou thick; smooth sculpture; size
44.5 x 41.Ou.
MORPHOTYPE 392 Plate 19, Figure 5
Reference specimen: 6499-1 Count: 1
Trilete, rather indistinct laesurae extend to margin of the central 
body; subtriangular outline, interradial areas slightly convex; zonate, 
zona 9-l7u wide developed around the equator, zona widest at the 
apices of triangle; short slightly rounded spines cover the central 
body; size 59.0 x 54.5u across equator.
MORPHOTYPE 393 Plate 16, Figure 7
Reference specimen: 6499-1 Count: 1
Trilete, laesurae 10-13u in length with no exinal thickening along 
margin; triangular outline, apices broadly rounded, interradial sides 
concave; exine 2-3u thick; fovaeate sculpture, lumina 1.5-2.Ou in 
diameter, muri 1.5u wide; size 29.5u in diameter.
MORPHOTYPE 394 Plate 17, Figure 19
Reference specimen: 6501-1 Count: 1
Trilete, rather indistinct laesurae llu in length; spherical shape; 
baculate sculpture, baculae 4-6u long and 2-3u in diameter irregularly 
distributed over the miospore surface; size 58u in diameter.
Affinity: cf. Raistrickia sp.
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MORPHOTYPE 395 Plate 18, Figure 2
Reference specimen: 6501-1 Count: 4
Trilete, laesurae extend to the outline; circular outline in polar 
view; exine 1.5u thick; verrucate sculpture; size 26 x 26u in diameter.
Trilete, laesurae 12.5u in length, exine not thickened along margin; 
circular outline; exine 1.0-1.5u thick; smooth sculpture; size 57.Ou 
in diameter.
Affinity: cf. Calamospora sp.
Remarks: Distinguished from morphotype 359 by smaller size.
Distinguished from morphotypes 386 and 387 by shorter laesurae.
MORPHOTYPE 397 Plate 24, Figure 6
Reference specimen: 6494-1 Count: 1
Trilete, laesurae 17u long, exine slightly thickened along margin; 
circular outline; spinose sculpture, spines 1.0-1.5u in basal diameter 
and 2.0u high, some spines flattened at top; size 30.7u in diameter.
MORPHOTYPE 398 Plate 12, Figure 8
Reference specimen: 6510-1 Count: 18
Trilete, laesurae extend to outline, exine slightly thickened along 
margin; triangular outline with rounded apices; exine 0.5-1.0u thick, 
slight thickening of exine in interradial areas; smooth sculpture; 
size 20-25u in diameter.
Affinity: Gleicheniidites sp.
MORPHOTYPE 396 Plate 13, Figure 3
Reference specimen: 6494-1 Count: 8
Remarks: Characterized by thickening of exine in interradial areas.
Distinguished from morphotypes 59 and 385 by smaller size and from 
morphotype 260 by thinner exine and slightly smaller size.
MORPHOTYPE 399 Plate 16, Figure 2
Reference specimen: 6478-1 Count: 1
Trilete (?) aperture indistinct; subtriangular to circular outline; 
rugulate sculpture, muri 2-3u wide and 2.0-2.5u high; size 54.5u in 
diameter.
Remarks: Aperture was not readily distinguishable in the single specimen
observed. It is possible that this morphotype may really be inaperturate.
MORPHOTYPE 400 Plate 8, Figure 25
Reference specimen: 6513-1 Count: 2
Polycolpate, 6-7- elongate colpi extend about lOu on either side of 
the equator; circular outline; exine 3.0-3.5u thick; punctate sculpture; 
size 37.5u in diameter.
Affinity: cf. Family Rubiaceae
Remarks: Characterized by large size, circular polar outline and short
apertures restricted more or less to equatorial region.
MORPHOTYPE 401 Plate 8, Figure 11
Reference specimen: 6523-3 Count: 2
Tricolporate, elongate colpi extend to the poles, exine slightly
thickened along margin; slightly elliptical shaped pores, situated 
in the middle of furrows and around the equator; exine slightly 
thickened around each pore, pores are 2.0 x 2.5u in size; prolate 
outline in equatorial view; exine 1.5u thick; fine reticulate sculpture, 
lumina l.Ou wide, muri 0.5u wide and l.Ou high; size 26 x 14u.
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Affinity: cf. Family Umbellifereae
Remarks: Distinguished by pore size and microreticulate sculpture
from other prolate equatorially outlined miospores of same size range.
MORPHOTYPE 402
Reference specimen: None Count: 3662
No description
Remarks: This morphotype includes all palynomorphs, which because
of extremely poor preservation could not be specifically identified.
MORPHOTYPE 403 Plate 18, Figure 7
Reference specimen: 6512-1 Count: 4
Trilete, laesurae extend to the margin of central body, exine thickened 
along margin; zonate, zona located around equator, and has a 2-3u 
offlap from central body; subtriangular outline; exine 0.5-1.0u thick;
granulate sculpture on central body and smooth sculpture on zona;
size 24-30u in equatorial diameter.
Remarks: Distinguished from morphotype 166 by wider zona and smooth
sculpture on zona.
MORPHOTYPE 404 Plate 8, Figure 18
Reference specimen: 6528-1 Count: 11
Tricolporate, elongate colpi extend almost to the poles, slightly 
elliptical shaped pores situated in the middle of furrows and along 
the equator, pores 1.5 x 3.0u in size, exine slightly thickened around 
each pore; prolate outline in equatorial view; exine 1.5-2.0u thick; 
fine granulate sculpture; size 26.0 x 14.Ou.
Remarks: Fine granulate sculpture and thick exine distinguish it from
similar morphotypes.
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MORPHOTYPE 405 Plate 5, Figure 28
Reference specimen: 6511-1 Count: 31
Tricolpate, elongate colpi extend to poles; prolate outline in 
equatorial view; exine l.Ou thick; reticulate sculpture, lumina 0.5u 
wide, muri 0.5u wide and 0.5u high; size 16.0 x 8.0u.
Remarks: Distinguished from morphotypes 98 and 337 by smaller size,
spherical shape and finer reticulate sculpture. Distinguished from 
morphotypes 85, 103, 155, 259 and 328 by smaller size and finer 
reticulate sculpture.
MORPHOTYPE 406 Plate 8, Figure 23
Reference specimen: 6519-1 Count: 3
Tricolporate, elongate colpi extend to poles, exine slightly thickened 
along margin, elliptical pores situated in the middle of furrows and 
along the equator, pores 1.5 x 3.0u in size, exine slightly thickened 
around each pore; prolate outline in equatorial view; exine 1.5-2.0u 
thick; granulate sculpture; size 28.5 x 13.5u.
Remarks: Granulate sculpture, thickened margins along furrows and
smaller pores distinguish it from 364. Larger size distinguishes 
it from morphotypes 102, 173, 241, 273, 341, 357, and 368. Smaller 
size distinguishes it from morphotype 88.
MORPHOTYPE 407 Plate 5, Figure 15
Reference specimen: 6508-1 Count: 56
Tricolpate, elongate furrows extend to poles; spherical shape; exine 
2.0u thick; fine reticulate sculpture, lumina 0.5u wide, muri 0.5u 
wide and 0.5-1.0u high; size ll-14u in diameter.
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Remarks: Characterized by small spherical shape, micro-reticulate
sculpture. Distinguished from similar size morphotypes such as 
31, 299, and 335 by micro-reticulate sculpture.
MORPHOTYPE 408
Reference specimen: 6506-1 Count: 8
Tricolpate, elongate colpi extend to pole, exine thickened along 
margin; prolate outline in equatorial view; tectate sculpture, club­
like elements l.Ou high, 0„5u in diameter; size 21.5 x 17.Ou.
Remarks: Specimens were poorly preserved and reasonably good photo­
graphs were unobtainable.
MORPHOTYPE 409 Plate 5, Figure 27
Reference specimen: 6501-1 Count: 16
Tricolpate, elongate furrows extend to poles, exine not thickened 
along furrow margin; spherical shape; exine 1.5u thick; fine reticulate 
sculpture, lumina 0.5u wide, muri less than 0.5u wide and 0.5u high; 
size 25-28u in diameter.
Remarks: Characterized by thick exine and spherical shape.
Distinguished from morphotypes 85, 155, 259, and 328 by micro-reticulate 
sculpture and/or spherical shape.
MORPHOTYPE 410 Plate 5, Figure 25
Reference specimen: 6501-1 Count: 84
Tricolpate, elongate colpi extend almost to poles, exine not thickened 
along margin; circular outline in equatorial view; exine 1.0-1.5u 
thick; fine reticulate sculpture, lumina 0.5u wide, muri 0.5u wide and 
0.5u high; size l8-20u in equatorial diameter.
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Remarks: Distinguished from morphotype 409 by slightly smaller size
and shorter apertures. Distinguished from morphotypes 85, 103, 155, 
259, and 328 by smaller size and finer reticulate sculpture.
MORPHOTYPE 411 Plate 6, Figure 14
Reference specimen: 6514-1 Count: 2
Tricolpate, elongate colpi extend to poles, exine slightly thickened 
along margin; prolate outline in equatorial view; exine 2.0u thick; 
fine reticulate sculpture, lumina 0.5-1.Ou wide, muri 0.5u wide and 
less than 0.5u high; size 27.5 x 16.Ou.
Remarks: Characterized by size and thick exine. Larger than morpho­
types 407, 408, and 410 and thicker exine than 85, 155, 259, and 328. 
Distinguished from morphotype 409 by its prolate outline.
MORPHOTYPE 412 Plate 6, Figure 5
Reference specimen: 6494-1 Count: 3
Tricolpate, elongate colpi extend approximately lOu on either side of 
the equator, exine slightly thickened along margin; spherical shape; 
exine 2-3u thick; punctate sculpture; size 32.Ou in diameter.
Remarks: Distinguished from morphotype 14 by larger size.
MORPHOTYPE 413 Plate 7, Figure 23
Reference specimen: 6516-1 Count: 1
Tetracolpate (tetracolporate?), elongate furrows extend 1/3 polar
radius; circular outline; exine 1.0-1.5u thick; smooth to scabrate
sculpture; size 20.5u in equatorial diameter.
Remarks: Pores not observed in polar view, but a slightly gaped
opening in exine along the equator may be pores. Exine slightly 
thickened surrounding these openings.
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MORPHOTYPE 414 Plate 16, Figure 14
Reference specimen: 6515-2 Count: 2
Inaperturate; spherical shape; palynomorph densely covered with 
spines, l.Ou in basal diameter and 2-3u long; size 28.5u in diameter.
Trilete laesurae 8-9u long; exine not thickened along margin; 
subtriangular to circular outline; cingulate, cingulum 4-5u wide; 
exine 0.5-1.0u thick; smooth sculpture; size 33u in diameter.
Affinity: cf. Cingulatisporites sp.
Remarks: Distinguished from morphotype 301 by lack of "Y" shaped
exinal thickening on distal pole.
MORPHOTYPE 416 Plate 14, Figure 14
Reference specimen: 6515-2 Count: 1
Trilete, laesurae extend to outline, exine slightly thickened along 
margin; subtriangular to circular outline; cingulate, cingulum 4-6u 
wide; exine 0.5-1.0u thick; smooth sculpture; size 28.5u in equatorial 
diameter.
MORPHOTYPE 417 Plate 7, Figure 17
Reference specimen: 6520-1 Count: 2
Tricolpate, elongate colpi extend to poles, exine thickened along 
margin; prolate outline in equatorial view; exine l.Ou thick; baculate 
sculpture, elements l.Ou in diameter and 1.5u high; size 22.7 x 18.2u.
Remarks: The only specimen observed was badly corroded, making it
extremely difficult to observe morphologic characters.
MORPHOTYPE 415 Plate 14, Figure 6
Reference specimen: 6515-2 Count: 1
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MORPHOTYPE 418 Plate 5, Figure 19
Reference specimen: 6520-1 Count: 36
Tricolpate, elongate colpi extend almost to poles, exine thickened 
along margin; prolate outline in equatorial view; exine l.Ou thick; 
smooth sculpture; size 18.2 x 11.5u.
Remarks: Distinguished from morphotypes 227, 229, and 299 by larger
size and longer apertures. Distinguished from morphotype 87 by prolate 
equatorial outline and longer apertures. Distinguished from morphotypes 
237 and 240 by smooth sculpture.
MORPHOTYPE 419 Plate 4, Figure 1
Reference specimen: 6521-1 Count: 2
Triporate, rather indistinct circular pores located around equator; 
pores 2-3u in diameter; circular outline; exine l.Ou thick; smooth 
sculpture with localized patches of scabrate to fine granulate 
sculpture; size 30.5u in diameter.
Remarks: Characterized by size and coarser sculpture in localized
regions.
MORPHOTYPE 420 Plate 9, Figure 4
Reference specimen: 6528-1 Count: 8
Tricolporate, elongate colpi extend almost to poles, elliptical pores 
located around the equator and in the middle of the colpi, pores
1.5 x 3.0u in size, exine slightly thickened around each pore; prolate 
outline in equatorial view; exine 1.5u thick; reticulate sculpture, 
lumina l.Ou wide, muri 0.5u wide and 0.5u high; size 22.7 x 16.Ou. 
Remarks: Distniguished from morphotypes 272, 357, and 404 by its
micro-reticulate sculpture.
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MORPHOTYPE 421 Plate 8, Figure 12
Reference specimen: 6434-1 Count: 2
Tricolporate, elongate colpi 9u long, exine slightly thickened along 
margin, elliptical shaped pores located around equator and in the 
middle of colpi, pores 1.5 x 4.0u in size; spherical shape; exine l.Ou 
thick; smooth to scabrate sculpture; size 21.5u in diameter.
Affinity: cf. Family Meliaceae
Remarks: Characterized by spherical shape and short elongate furrows.
MORPHOTYPE 423 Plate 13, Figure 9
Reference specimen: 6467-1 Count: 2
Trilete, laesurae 12u long, exine slightly thickened along margin; 
spherical shape; exine 0.5-l.Ou thick; smooth sculpture; size 28.5u 
in diameter.
MORPHOTYPE 424 Plate 7, Figure 20
Reference specimen: 6467-1 Count: 3
Tricolpate, elongate colpi extend almost to poles, exine slightly
thickened along margin, in polar view apertures gapeand are filled 
with endexinal material; subtriangular outline with slightly convex 
sides; exine 1.5u thick; micro-reticulate sculpture, lumina 0.5u wide, 
muri less than 0.5u wide and less than 0.5u high; size 21u in diameter. 
Affinity: Nyssa sp.
Remarks: Distinguished from morphotype 158 by smaller size and
micro-reticulate sculpture.
MORPHOTYPE 425 Plate 14, Figures 11, 12
Reference specimen: 6042-1 Count: 1
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Trilete, laesurae extend to outline, exine slightly thickened along 
the margin; spherical shape; exine 2.0-2.5u thick; smooth sculpture 
on proximal surface, verrucate sculpture on distal surface; size 
43.5u in diameter.
Remarks: Characterized by smooth proximal surface and verrucae on
distal surface. Large verrucae distinguish it from morphotype 306.
MORPHOTYPE 426 Plate 19, Figure 6
Reference specimen: 6050-2 Count: 1
Trilete, laesurae extend to outline of central body, exine thickened 
along margin; spherical to subtriangular outline; zonate, zona 3-4u 
wide; exine l.Ou thick; verrucate sculpture on central body; size 
55.7u in diameter.
MORPHOTYPE 427 Plate 7, Figure 14
Reference specimen: 6560-1 Count: 3
Tricolpate, elongate colpi extend to poles; spherical outline; exine
l.Ou thick; reticulate sculpture, lumina 2-3u wide, muri 0.5u wide and 
0.5-1.0u high; size 20-22u in diameter.
Affinity: Tricolpites sp.
Remarks: Characterized by spherical shape and coarse reticulate
sculpture.
MORPHOTYPE 428 Plate 17, Figure 5
Reference specimen: 6042-1 Count: 1
Trilete, laesurae 14u long, exine slightly thickened along margin; 
circular outline, fine granulate sculpture; size 28-30u in diameter.
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MORPHOTYPE 429 Plate 5, Figure 26
Reference specimen: 6475-1 Count: 1
Tricolporate, elongate colpi extend to poles, circular pores situated 
around the equator and in the middle of colpi, pores 1.5-2.0u in 
diameter; spherical shape; exine 1.5u thick; granulate sculpture; size 
18.Ou in diameter.
Remarks: Pores rather indistinct in most specimens. Characterized
by thick exine, size, and spherical shape.
MORPHOTYPE 430 Plate 4, Figure 4
Reference specimen: 6482-1 Count: 1
Triporate, circular pores evenly spaces around the equator, ektexine
thickened in pore area forming a slight protrusion; subtriangular
outline; exine l.Ou thick; smooth sculpture; size 22.7u in diameter.
Remarks: Characterized by slight protrusion of pore.
MORPHOTYPE 431 Plate 6, Figure 16
Reference specimen: 6484-1 Count: 4
Tricolporate, elongate colpi extend to poles, exine slightly thickened 
along the margins, circular pores located around the equator and 
in the middle of colpi, pores 1.5u in diameter, exine slightly 
thickened around each pore; prolate outline in equatorial view; 
reticulate sculpture lumina l.Ou wide, muri 0.5u wide and l.Ou high; 
size 35.2 x 20.5u.
Remarks: Distinguished from morphotype 83 by presence of pores in
the colpi.
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MORPHOTYPE 432 Plate 6, Figure 13
Reference specimen: 6517-1 Count: 1
Tricolpate, elongate colpi extend almost to poles, exine not thickened
along margin; subtriangular outline; exine 1.0-1.5u thick; fine 
reticulate sculpture, lumina less than 0.5u wide, muri 0.5u wide and 
less than 0.5u high; size 30.7 x 27.5u.
Affinity: Family Bombaceae
Remarks: Characterized by size and micro-reticulate sculpture.
Distinguished from morphotypes 89, 99, 95 by its sculpture.
MORPHOTYPE 433 Plate 18, Figure 10
Reference specimen: 6517-1 Count: 1
Trilete, laesurae lOu long; subtriangular outline; granulate sculpture; 
size 32.Ou in diameter.
MORPHOTYPE 434 Plate 8, Figure 10
Reference specimen: 6517-1 Count: 5
Tricolporate, elongate colpi extend almost to poles, exine slightly 
thickened along margin, circular pores located around the equator and 
in the middle of colpi, pores 2-3u in diameter, exine slightly thickened 
around each pore; prolate outline in equatorial view; exine 2.0u thick; 
smooth to scabrate sculpture; size 21.6 x 11.5u.
Remarks: Distinguished from morphotypes 173, 241, 272, 278, and 341 by
circular pores. Distinguished from morphotype 349 by smaller pores.
MORPHOTYPE 435 Plate 8, Figure 22
Reference specimen: 6450-1 Count: 3
Tricolporate, elongate colpi extend almost to poles, circular pores 
located around the equator and in the middle of colpi; prolate outline
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in equatorial view; smooth to scabrate sculpture; size 39.8 x 19.5u. 
Remarks: Distinguished from morphotype 406 by larger size and thinner
exinal thickening along margins of colpi.
MORPHOTYPE 436 Plate 15, Figure 8
Reference specimen: 6054-1 Count: 2
Trilete, laesurae 9u long, exine slightly thickened along margin; 
subtriangular outline; punctate sculpture; size 30u in diameter.
MORPHOTYPE 437 Plate 20, Figure 9
Reference specimen: 6538-1 Count: 1
Trilete, laesurae extend to outline, exine slightly thickened along 
margin; subtriangular outline; exine l.Ou thick; granulate sculpture; 
a fringe of small rod-like elements located around equator, these 
elements are less than 0.5u wide and 3u long; size 30.5u in diameter. 
Affinity: cf. Radiatisporites sp.
Remarks: Characterized by fringe of rod-like elements around the
equator.
MORPHOTYPE 438 Plate 12, Figure 2
Reference specimen: 6558-1 Count: 3
Monolete, laesura 24.5u long, exine thickened along margin; prolate 
to circular outline in equatorial view; exine 1.5u thick; verrucate 
sculpture; size 26.1 x 18.2u.
MORPHOTYPE 439 Plate 9, Figure 3
Reference specimen: 6552-1 Count: 5
Tricolporate, elongate colpi extend almost to poles, exine thickened 
along margin, elliptical shaped pores located around equator and in
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the middle of colpi, pores 2.0 x 3.5u in size, slight thickening of 
exine surrounds each pore; prolate outline in equatorial view; exine
2.0-2.5u thick; reticulate sculpture, lumina 0.5-1.0u wide, muri 
0.5u wide and 1.5u high; size 36.5 x 21.5u.
Remarks: Distinguished from morphotype 420 by larger size, thicker
exine and coarser reticulate sculpture.
MORPHOTYPE 440 Plate 7, Figure 16
Reference specimen: 6551-1 Count: 4
Tricolpate, elongate colpi extend almost to poles; prolate to circular 
outline in equatorial view; exine 2.0-2.5u thick; pilate sculpture, 
elements 1.5-2.0u high; size 23.8 x 19.3u.
Affinity: Ilex sp.
Remarks: Large pilate sculpture characterizes this morphotype.
MORPHOTYPE 441 Plate 15, Figure 12
Reference specimen: 6558-1 Count: 1
Trilete, laesurae 22u long, exine slightly thickened along margin; 
spherical shape; exine l.Ou thick; granulate sculpture; size 56.8u in 
diameter.
Affinity: Osmunda sp.
MORPHOTYPE 442 Plate 6, Figure 22
Reference specimen: 6558-1 Count: 1
Tetracolpate, elongate furrows extend 1/3 radius of polar axis; 
circular outline; exine l.Ou thick; granulate sculpture; size 38.6u 
in diameter.
Remarks: Distinguished from morphotype 242 by its larger size and
coarser sculpture.
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MORPHOTYPE 443 Plate 3, Figure 16
Reference specimen: 6531-1 Count: 0
Triporate, pores located around the equator at apices of triangle, 
exine thickened as elongated protrusions in pore area; triangular 
outline, sides slightly convex; exine l.Ou thick; smooth to scabrate 
sculpture; size 22u in diameter.
Affinity: Extratriporopollenites sp.
Remarks: Characterized by slender elongation of pore area. This
morphotype was observed during absolute frequency study, but was not 
observed during relative frequency counts. Therefore, it was not 
included in the statistical analysis.
MORPHOTYPE 444 Plate 9, Figure 5
Reference specimen: 6531-1 Count: 3
Tricolporate, elongate furrows extend to poles, exine slightly 
thickened along margin, circular pores located around the equator and 
in the middle of the furrows, pores 1.5-2.0u in diameter, very small 
annulus developed around each pore; prolate to circular outline in 
equatorial view; exine 1.5u thick; scabrate to smooth sculpture; 
size 34.0 x 26.3u.
Remarks: Distinguished from morphotype 88 by smaller size, smaller
pore and annulus developed around pore.
MORPHOTYPE 445 Plate 9, Figure 2
Reference specimen: 6531-1 Count: 1
Tricolporate, elongate colpi extend almost to poles, exine thickened 
along margin, circular pores located around the equator and in the 
middle of colpi, pores 2-3u in diameter; prolate outline in equatorial
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view; exine 3-4u thick; reticulate sculpture; lumina 1.0-1.5u in 
diameter, muri 0.5u wide, 1.5-2.0u high; size 38.6 x 21.5u.
Affinity: Tricolpites sp.
Remarks: Distinguished from morphotype 420 by larger size and coarser
reticulate sculpture. Distinguished from morphotype 439 by its 
coarser reticulate sculpture.
MORPHOTYPE 446 Plate 23, Figure 1
Reference specimen: 6530-1 Count: 1
Dinoflagellate cyst not described.
Remarks: Large size distinguishes it from similar forms.
MORPHOTYPE 447 Plate 15, Figure 9
Reference specimen: 6554-1 Count: 1
Trilete, laesurae extend to outline, exine thickened along margin; 
subtriangular outline; exine l.Ou thick; verrucate sculpture, elements 
l.Ou high; size 32.Ou in diameter.
MORPHOTYPE 448 Plate 14, Figure 18
Reference specimen: 6560-1 Count: 1
Trilete, laesurae 6u long; triangular outline with broadly rounded 
apices; cingulate, cingulum merges with rugulate processes of central 
body; size 21.5u in diameter.
Affinity: cf. Triquilites sp.
Remarks: Distinguished from morphotype 389 by its smaller size.
MORPHOTYPE 449 Plate 8, Figure 24
Reference specimen: 6531-1 Count: 1
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Tricolporate, elongate furrows extend to poles, exine slightly thickened 
along margin, pores almost rectangular in outline and located around 
the equator in the middle of the furrows, pores 2-3 x 3-4u in size; 
prolate outline in equatorial view; exine 1.0-1.5u thick; scabrate 
sculpture; size 30.7 x 22.7u.




This appendix contains the total number of individuals of each 
morphotype observed in each sample studied. As described in Chapter 
Four, a total of 300 individuals was counted per sample.
The data presented here are a computer listing of the IBM data 
cards used in the analysis of variance procedure to determine the 
environmental distribution of each palynomorph morphotype. The first 
three fields designated E, L, and S refer to the numerical code on the 
data cards for environment, location, and sample respectfully. The 
environment field code is 1= channel, 2= interdistributary bay, 3= 
natural levee, 4= marsh, 5= distributary mouth bar, 6= delta front,
7= prodelta. In the location field, the numbers run from one to 
seven, indicating the specific location within the enyironment. Within 
a location, two samples were used and are designated 1 and 2 in the 
sample field. The next twenty five numbers across the top of each 
page refer to the morphotype number. These are numbered from 1 to 45Q. 
The last field labeled C refer to the card number. There are eighteen 
cards for each sample used in the study.
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1 1 2 0 0 0 0 0 0 0 0 0 4 0 c 3 1 0 17 0 p l 2 0 0 4 0 0 4
121 0 0 0 0 0 0 0 0 0 2 c 1 1 0 0 21 0 0 5 G 0 0 9 C 0 4
1 2 2 0 0 0 0 0 n 0 0 0 1 1 0 1 0 0 40 0 o 1 0 1 2 4 0 0 4
131 0 0 0 0 0 0 1 0 0 7 5 0 1 6 0 44 0 0 0 1 1 1 20 0 0 4
132 1 0 0 0 0 0 0 0 0 3 0 0 0 1 3 44 0 0 2 0 0 0 3 0 0 4
141 1 0 0 0 0 0 0 0 0 3 0 0 2 2 0 61 0 0 2 3 0 1 7 0 0 4
142 2 0 0 0 0 0 G 0 0 1 0 1 1 0 1 59 0 0 2 0 0 1 14 0 0 4
151 0 0 0 0 2 0 c 0 0 2 0 1 G 0 G 25 G 0 1 0 1 2 6 0 1 4
152 1 0 0 0 0 0 0 0 0 5 0 1 1 1 0 31 0 0 0 0 0 1 7 0 0 4
161 1 0 0 0 0 0 0 0 0 2 0 0 0 3 0 48 0 0 0 0 0 0 4 0 0 4
162 2 0 0 1 0 0 0 0 0 2 1 0 0 0 0 65 1 0 0 1 1 0 6 0 0 4
171 0 0 1 0 4 0 0 0 0 4 0 0 1 1 0 46 0 n 0 0 1 0 4 0 0 4
172 0 0 0 0 c c 0 0 0 2 0 0 1 0 0 62 0 0 G 0 0 0 7 0 0 4
2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 47 0 0 0 0 1 0 4 0 0 4
2 1 2 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 21 0 0 1 0 0 0 3 0 1 4
2 2 1 0 0 0 0 0 0 0 0 0 1 1 0 0 1 2 36 0 0 2 0 0 1 9 0 0 4
2 2 2 0 0 0 0 0 0 0 0 0 1 0 0 n 0 0 33 2 0 1 0 0 0 4 0 0 4
231 1 0 0 0 1 0 c 0 0 3 0 u r>V 0 0 16 0 1 0 0 0 0 11 0 0 4
232 0 0 0 0 0 0 c 0 0 3 0 G 1 0 0 15 0 0 1 0 0 0 9 0 0 4
241 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 1 0 0 0 4 0 0 4
242 4 o 0 0 0 0 0 n 0 2 0 2 1 0 0 24 1 0 0 3 0 0 11 0 0 4
251 1 0 0 0 0 0 0 0 0 1 0 G 0 0 0 31 0 0 0 0 0 0 5 0 0 4
252 0 0 0 0 0 n 0 0 0 0 0 0 0 1 0 35 0 G 0 0 2 0 16 0 1 4
261 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 37 0 0 0 0 0 1 3 0 1 4
262 0 0 0 1 2 0 0 2 1 4 7 1 0 0 c 30 0 n 0 0 1 0 2 0 0 4
271 c 0 0 0 G nu c 0 0 2 0 0 G 0 0 19 0 0 0 0 0 0 3 0 0 4
272 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1 16 0 n 0 0 0 1 0 0 0 4
311 2 0 0 9 0 n 0 0 0 1 0 1 1 0 1 26 c 0 1 2 0 0 13 0 0 4
312 0 0 0 1 0 0 n n 0 0 0 0 1 n 3 6 n n 5 1 0 1 17 0 0 4
321 0 0 0 0 2 0 0 0 0 1 0 G 1 0 0 6 G 0 1 0 0 0 42 1 0 4
322 0 3 0 0 0 0 0 o 0 0 1 2 0 0 0 14 0 0 1 0 0 0 36 G 0 4
331 2 0 0 I) c 0 G 0 0 1 0 G 0 1 1 10 1 0 0 r 0 u 16 n 0 4
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332 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 12 0 0 0 0 0 0 13 0 0 9
391 2 . 0 0 0 o 0 1 0 0 2 1 0 0 0 0 12 0 0 0 1 0 0 6 1 0 9
392 C 0 0 0 1 0 0 0 0 1 0 0 0 0 0 12 0 0 0 2 0 0 9 0 0 9
351 0 0 0 0 0 0 0 0 0 2 1 0 9 0 0 21 2 0 0 0 0 2 7 0 0 9
352 0 0 0 0 1 0 0 0 0 9 0 G 1 1 0 15 0 0 0 0 0 0 6 0 0 9
361 0 1 0 0 0 0 0 0 0 3 0 1 0 0 0 36 0 0 1 1 0 1 9 0 0 9
362 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 7 0 0 3 0 0 0 7 0 0 9
371 3 0 0 0 0 0 0 0 0 5 0 0 c 0 0 60 1 0 0 1 0 3 9 0 0 9
372 1 0 0 0 0 0 0 0 0 0 0 c 0 0 0 96 0 0 0 1 0 0 1 0 0 9
911 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 8 0 0 0 0 0 0 1 0 0 9
912 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 6 0 0 9
921 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 10 0 0 1 1 0 0 32 0 0 9
922 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 10 0 0 1 2 1 0 31 0 0 9
931 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 92 1 0 0 3 0 0 15 0 0 9
932 0 0 0 0 0 0 0 0 0 3 0 0 1 0 0 92 0 0 0 3 0 1 9 0 0 9
991 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 3 0 0 9
992 0 0 0 0 0 0 c 0 0 0 0 C c c 0 19 0 0 0 0 0 0 11 0 0 9
951 0 0 3 0 c 0 1 0 0 1 0 0 0 0 G 13 n 0 0 1 0 0 7 0 0 9
952 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 1 0 1 0 0 9
961 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 98 0 0 1 1 0 1 1 G 1 9
962 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 15 0 0 0 1 0 0 8 0 0 9
971 0 0 0 0 0 0 0 0 0 5 0 0 1 0 1 28 0 0 1 1 0 0 18 1 0 9
972 9 0 1 0 0 0 0 0 0 1 0 0 0 0 0 92 0 n 0 0 0 0 9 0 G 9
511 0 0 0 0 0 0 0 0 0 3 3 0 1 3 1 29 0 0 0 1 0 1 7 0 1 9
512 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 95 0 0 1 0 0 0 6 0 0 9
521 2 0 0 0 1 c 0 0 0 5 0 0 0 1 0 5 1 1 5 0 0 0 9 0 2 9
522 0 0 0 0 1 0 0 0 0 6 0 0 2 0 0 15 0 0 1 9 1 0 9 1 1 9
531 1 c 0 0 0 0 0 0 0 2 G 2 0 1 0 91 0 0 9 2 0 0 22 0 0 9
532 0 0 0 0 0 0 0 0 0 9 0 3 0 2 0 35 2 ? 1 1 0 3 10 0 0 9
591 1 ft 0 0 0 0 0 0 0 2 1 0 2 0 0 59 0 0 0 3 0 1 0 0 9
592 0 0 0 G 0 0 0 0 0 2 G 0 1 0 1 50 1 0 0 0 1 0 7 0 0 9
551 1 0 c 0 Q 0 1 n 0 n 0 G 0 1 1 59 0 0 1 1 0 G 5 0 2 9
552 0 r» c 0 0 0 c 0 0 2 0 0 2 0 n 19 c 0 5 1 0 2 6 0 0 9
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651 0 0 G 0 0 c 0 0 0 0 0 0 1 0
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671 0 0 0 1 0 0 0 0 0 0 0 0 0 0
672 1 0 0 0 0 0 0 0 0 3 2 0 0 1
711 0 0 0 c 3 c 0 0 0 0 1 0 0 2
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111 0 0 0 0 0 0 0 0 0 0 0 0 0 0 41 0 0 10 0 2 0 1 0 0 0 5
112 0 1 0 1 0 1 1 0 0 1 0 0 0 0 37 0 0 10 0 2 0 0 0 0 0 5
121 C 0 0 1 c 0 0 0 2 2 1 1 0 c 15 0 0 5 0 0 0 n 0 c 0 5
122 0 1 3 0 0 1 1 1 0 2 0 0 0 0 11 0 0 3 0 0 0 0 0 0 0 5
131 0 0 3 2 0 0 0 0 0 0 0 0 0 0 10 l 0 1 0 0 0 0 0 0 0 5
132 c 1 0 1 0 0 0 0 1 1 0 G 0 G 11 0 0 0 0 2 0 1 n G 0 5
m i 0 0 0 4 0 0 0 0 0 4 0 1 0 0 16 0 0 6 1 2 0 0 0 0 0 5
142 0 1 0 2 0 0 0 0 0 0 0 0 0 0 19 0 0 6 0 2 0 0 0 0 0 5
151 0 0 0 1 0 0 0 0 0 0 0 2 0 0 17 0 0 12 0 2 0 1 0 0 0 5
152 0 0 0 0 0 0 2 0 1 0 0 1 0 0 28 0 0 10 0 2 0 0 0 0 0 5
161 0 1 0 1 0 c 0 0 1 0 1 0 G 0 10 0 0 6 0 1 0 0 0 0 0 5
162 0 0 0 2 0 1 0 0 0 1 0 1 0 0 15 0 0 a 0 0 0 0 0 0 0 5
171 0 0 2 0 0 0 0 0 0 0 0 1 G 0 23 0 0 4 1 1 0 0 0 0 0 5
172 0 0 0 4 0 0 0 0 0 n 0 7 0 0 20 0 0 2 0 0 0 0 0 0 0 5
2 1 1 0 1 0 3 0 0 0 1 1 0 0 3 0 0 15 0 0 19 0 1 0 0 0 0 0 5
212 0 0 0 4 0 0 0 0 0 0 1 1 0 0 24 0 0 9 1 1 2 0 0 0 0 5
221 0 0 0 0 0 0 0 0 0 1 0 5 0 0 23 0 0 6 0 3 0 1 0 0 0 5
222 0 0 0 1 0 0 0 0 0 1 2 0 0 0 24 0 0 4 0 3 0 0 0 0 0 5
231 0 0 0 3 c 0 0 0 0 1 1 12 0 c 10 0 0 1 G 0 0 0 0 0 0 5
232 0 0 0 7 0 0 2 0 0 0 2 7 0 0 15 G 0 1 0 0 0 0 0 0 0 5
241 0 0 0 2 0 0 G G 0 0 24161 0 0 5 0 0 0 0 G 0 0 0 0 0 5
242 0 3 0 4 0 0 1 1 2 1 16 16 0 0 21 0 0 1 1 1 0 0 0 0 0 5
251 0 0 1 1 0 0 0 1 1 2 1 15 0 0 30 0 0 1 0 1 0 0 0 G 0 5
252 G 0 0 1 0 c 0 0 2 0 1 19 . c 0 12 0 0 4 0 0 0 c 0 G 0 5
261 0 0 0 5 0 0 1 0 0 0 3 15 0 0 22 0 0 4 0 0 0 0 0 0 0 5
262 0 0 1 2 0 0 1 0 G 0 0 23 0 1 21 0 0 0 0 1 0 0 0 G 0 5
271 0 0 0 0 0 0 0 0 0 0 3128. 0 0 11 0 0 3 0 0 0 0 0 0 0 5
272 0 0 0 1 0 0 0 0 0 1 2151 0 0 9 0 c n 0 0 0 0 c 0 0 5
311 0 0 0 1 c 0 1 0 0 n 0 6 0 0 21 0 0 3 0 1 0 0 n G 0 5
312 0 0 0 0 0 0 0 0 2 0 0 5 0 0 29 0 0 4 0 0 0 0 0 0 0 5
321 0 0 0 0 0 0 2 0 0 1 0 3 0 0 11 0 C’ 0 0 0 0 0 0 G 0 5
322 0 1 2 4 0 1 1 0 0 0 0 7 0 0 13 0 0 12 0 0 1 0 n 1 0 5
331 G 0 1 0 0 0 0 3 0 0 0 7 0 0 ie 0 0 9 0 0 0 0 p 0 1 5
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561 0 1 0 6 0 0 1 0 0 0 0 1 0 0 23 0 0 1 0 2 0 2 0 0 1 5
562 0 0 1 2 0 0 3 0 1 0 0 0 0 0 17 0 0 6 0 2 0 0 0 0 0 5
571 0 0 0 2 0 0 0 0 1 2 0 0 0 0 21 0 0 5 1 0 0 0 0 0 0 5
572 G 1 2 2 0 0 0 1 3 G 1 0 0 0 10 Q 0 3 0 c 0 1 G 0 0 5
611 0 1 0 1 0 0 1 0 1 1 0 0 0 0 13 0 0 2 1 1 0 0 0 0 0 5
612 0 0 2 1 0 0 0 0 0 0 1 G 0 0 39 0 0 9 0 0 0 G 0 c 0 5
621 0 0 0 5 0 0 1 0 0 0 1 0 0 0 20 0 0 3 0 0 0 0 0 0 0 5
622 0 0 0 2 0 0 1 2 5 0 0 0 0 0 31 0 0 5 0 1 0 0 0 1 0 5
631 0 0 1 1 0 0 0 0 0 0 0 0 0 0 42 0 G 9 0 1 0 0 0 0 G 5
632 0 0 1 4 0 0 2 1 0 0 0 2 c 0 18 0 fj 0 0 1 0 0 0 0 0 5
641 0 0 0 3 0 0 0 0 0 1 0 1 0 0 15 0 0 3 0 1 0 0 0 0 0 5
642 0 0 1 6 0 0 0 0 0 1 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 5
651 0 1 0 3 0 0 0 0 0 1 1 0 n 0 15 0 0 2 0 1 0 0 0 0 0 5
652 0 0 1 1 0 1 0 0 0 0 0 0 0 0 18 0 0 10 0 1 0 0 0 0 0 5
661 0 0 0 3 0 0 0 0 1 o 0 G 0 0 21 0 0 2 0 2 0 0 Q 0 0 5
662 0 0 0 1 0 0 1 0 1 0 0 0 0 1 21 0 0 3 0 0 0 1 0 0 0 5
671 0 0 0 4 0 0 0 0 1 0 0 1 0 0 23 0 0 2 0 1 0 1 0 0 0 5
672 0 0 0 2 0 0 2 0 0 0 0 1 0 0 34 0 0 5 0 2 0 0 0 0 0 5
711 0 0 0 1 0 0 0 0 0 0 0 0 0 0 25 0 0 7 0 0 0 c 0 0 0 5
712 0 0 0 0 0 0 0 0 0 0 0 1 0 0 28 0 0 7 0 1 0 0 0 0 0 5
721 0 0 0 1 0 0 0 0 0 1 1 2 o 0 20 0 0 8 1 1 0 0 0 1 0 5
722 0 0 0 1 0 0 0 1 1 0 1 0 0 0 37 0 0 6 0 2 0 1 0 0 0 5
731 0 1 0 2 0 1 1 0 0 0 1 G 0 0 23 0 0 5 0 1 2 0 0 0 1 5
732 0 1 0 1 0 n 0 0 0 0 0 1 0 0 17 0 c 4 0 0 0 0 0 1 0 5
741 0 0 0 4 o 0 1 0 0 0 0 0 0 0 59 0 0 6 0 0 0 0 0 0 0 5
742 0 2 0 0 0 c 0 n 0 1 1 3 0 0 23 0 0 5 0 1 0 0 0 0 0 5
751 0 0 0 4 0 0 0 0 1 0 1 0 0 0 25 0 0 4 0 6 0 2 0 0 0 5
752 0 0 0 2 0 0 0 0 0 0 1 G 0 0 47 0 0 9 0 0 0 0 0 0 0 5
7fal 0 0 1 1 0 1 0 0 0 0 0 0 0 0 34 0 0 7 1 0 1 0 0 0 0 5
7fc? G 0 0 3 0 0 1 0 1 n c 0 0 c 26 c 0 5 0 2 0 0 r. 0 0 5
771 0 0 0 2 0 0 0 0 0 n 0 1 0 0 19 c 0 5 0 2 n 0 0 0 0 5
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411 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 015
412 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 015
421 G 0 0 0 0 0 0 0 0 0 c 0 0 1 c 0 0 0 0 0 0 0 G G 015
422 G 0 0 G 0 0 0 0 0 0 G G 0 1 0 0 0 0 0 0 G G 0 0 015
431 0 1 0 0 0 0 0 0 0 0 0 G 0 0 0 0 0 0 0 0 0 0 0 0 015
432 0 0 0 G 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 015
441 0 0 0 0 0 0 0 0 0 1 0 G 0 0 0 0 0 0 0 0 0 0 0 0 015
442 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 G 015
451 0 0 0 0 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0 0 0 0 0 0 015
452 0 0 0 0 0 0 1 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 015
461 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 015
462 0 0 0 G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 015
471 0 0 0 0 0 0 1 0 0 0 0 0 0 1 c 0 0 0 0 0 0 0 0 1 015
472 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 015
511 0 1 0 0 0 0 0 0 0 0 0 G 0 0 0 0 0 0 0 0 0 0 0 0 015
512 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 3 0 0 0 0 0 0 015
521 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 G15
522 G 0 0 0 0 0 0 0 0 0 c c G 0 0 0 0 G 0 0 c 0 0 c 015
531 0 0 0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 0 0 0 0 0 0 015
532 0 0 0 0 0 0 0 0 0 0 0 0 0 0 G G 0 c 0 u 0 G 0 0 015
541 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 015
542 0 c 0 0 0 c 0 0 0 0 0 u 0 n 0 c 0 0 c 0 0 0 0 0 015
551 0 1 1 0 0 0 0 0 0 0 0 G 0 0 0 0 G 0 0 0 0 0 0 0 015
552 0 1 0 0 1 0 0 0 0 2 0 0 c 1 0 G 0 0 0 0 0 0 0 0 015
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Nested Analysis of Variance Tables
The frequency of occurrence of each morphotype was analyzed 
according to a nested analysis of variance arrangement of treatments 
in a completely randomized design (Schilling and Hart, 1972). The 
analyses were used to determine which morphotypes varied significantly 
among environments. The linear additive model used to explain the 
performance of an individual observation is:
Y. » yx + E. + L. . +£. ljk i xj ljk
where
Y. .. = the frequency of occurrence of a given morphotype
hfrom the K sample of the j location within the 
thi environment. 
yi = the overall mean.
thE = the effect of the i environment as a deviation fromi
the overall mean (i = 1,2,...7).
th thL = the effect of the j location within the i
environment as a deviation from the mean of all
thlocations from the i environment (j = 1,2,...7).
th th^ = the effect of the k sample of the j location in
the i*"*1 environment as a deviation from the mean of
th thall samples taken from the j location in the i
2environment (k = 1,2), NID (0,cr ).S
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The analysis for each morphotype includes the degrees of freedom, 
mean square, and variance component associated with each source of 
variation. The following abbreviations are used in the analysis of 
variance tables in this appendix:
Source = source of variation
DF = degrees of freedom
MS = mean square
F. text = calculated F. test ratio
Var. Comp. = Variance component
Total Count = The total number of individuals of the
particular morphotype noted in the study.
The calculations involved in obtaining the appropriate degrees of 
freedom and mean square can be found in Sokal and Rohlf (1969, pp. 
256-265).
Variance components were obtained by equating a given mean 
square with its expected value, and solving for the associated variance 
component. The expected value of the mean squares for the sources 
of variation included in the nested analyses of variance are:
Source Expected Mean Square
2 2 2Environments cr g + 2tr ̂  + 14cr g
o oLocations/Environments cr g + 20" ̂
Samples/Locations/Environments cr £
The coefficient for each variance component represents the number of 
samples used to obtain the mean at each level in the hierarchy. A 
constant number of samples (2 samples) was taken at each location and 
a constant number of locations (7 locations) was used within each of
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the seven environments studied. Because the number of miospores 
counted per sample was also constant (300 individuals), weighting for 
unequal numbers of counts per sample was not necessary. Constants in 
the expected mean square become:
1. the number of samples per location for the variance 
component associated with the expected mean square for 
locations (2) and;
2. t h e  number of samples per location multiplied by the 
number of locations for the variance component associated 
with the expected mean square for environments (14).
Estimates of variance components which are negative retained their 
negative values when used in estimating other variance components, 
but are presented as 0.0 in this Appendix, as a negative value is 
assumed to estimate a zero variance component.
Significance at the .05 level of probability is indicated 
by (*)» and significance at the .01 level of probability by (**).
Although analysis of variance tables were produced for all 
morphotypes, only those that show a significant or highly significant 
F-ratio are given in this appendix. The analysis of variance tables 
for the groups of higher taxa follow the individual morphotype tables.
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MORPHOTYPE NUMBER 5 TOTAL COUNT 1380
Source D.F. M.S. F. Test Var. Comp.
Total 97
Environment 6 825.36719 7.241** 50.81338
Location/Env. 42 113.97954 4.475** 44.25508
Sample/Loc./Env. 49 25.46938 25.46938







Environment 6 3.58163 2.585* 0.14942
Location/Env. 42 1.48980 1.150 0.09694
Sample/Loc./Env. 49 1.29592 1.29592







Environment 6 0.30272 2.571* 0.01360
Location/Env. 42 0.11224 0.917* 0.0
Sample/Loc./Env. 49 0.12245 0.12245
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Environment 6 71.25508 6.056** 4.24927
Location/Env. 42 11.76530 2.030** 2.98469
Sample/Loc./Env. 49 5.79592 5.79592







Environment 6 1.55782 2.653* 0.06292
Location/Env. 42 0.67687 1.327 0.0
Sample/Loc./Env. 49 0.51020 0.51020







Environment 6 5.92177 3.365** 0.29689
Location/Env. 42 1.76530 1.006 0.00510
S amp1e/Loc./Env. 49 1.75510 1.75510
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Environment 6 21.89795 2.983* 0.94679
Location/Env. 42 8.64286 1.389 1.20918
Sample/Loc./Env. 49 6.22449 6.22449







Environment 6 2.06462 2.27* 0.07823
Location/Env. 42 0.96939 1.131 0.05612
Sample/Loc./Env. 49 0.8571 4 0.85714







Environment 6 128.81970 5.172** 7.09184
Location/Env. 42 29.53400 1.410 4.29762
Sample/Loc./Env. 49 20.93877 20,93877








Environment 6 6.21428 1.281 0.09742
Location/Env. 42 4.85034 2.612** 1.49660
Sample/Loc./Env. 49 1.85714 1.85714







Environment 6 0.78231 0.674 0.0
Location/Env. 42 1.15986 1.741* 0.12074
Sample/Loc./Env. 49 0.91837 0.91837
MORPHOTYPE NUMBER 45 TOTAL COUNT 3
Source D.F. M.S. F. Test Var. Comp.
Total 97
Environment 6 0.09184 3.545** 0.00510
Location/Env. 42 0.02041 0.667 0.0
Sample/Loc./Env. 49 0.03061 0.03061








Environment 6 2.37755 1.020 0.00340
Location/Env. 42 2.32993 5.189** 0.94048
Sample/Loc./Env. 49 0.44898 0.44898







Environment 6 0.23129 1.838 0.00753
Location/Env. 42 0.12585 1.762* 0.02721
Sample/Loc./Env. 49 0.07143 0.07143







Environment 6 10.97619 0.393 0.0
Location/Env. 42 27.95578 3.374** 9.83503
Sample/Loc «/Env. 49 8.28571 8.28571








Environment 6 6.72449 2.843* 0.27502
Location/Env. 42 2.87415 1.490 0.47279
Sample/Loc./Env. 49 1.92857 1.92857







Environment 6 0.17687 0.416 0.0
Location/Env. 42 0.42517 2.315** 0.12075
Sample/Loc./Env. 49 0.18367 0.18367







Environment 6 1101.87350 2.519* 47.45575
Location/Env. 42 437.49292 3.060** 147.27197
Sample/Loc./Env. 49 142.94897 142.94897
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MORPHOTYPE NUMBER 98 
Source D.F. M.S.
TOTAL COUNT 866 















MORPHOTYPE NUMBER 100 
Source D.F. M.S.
TOTAL COUNT 17 















MORPHOTYPE NUMBER 104 TOTAL COUNT 181
Source D.F. M.S. F. Test Var. Comp.
Total 97
Environment 6 5.24830 2.240* 0.16788
Location/Env. 42 2.89796 1.551 0.51531











Environment 6 27.81972 1.796 0.88095
Location/Env. 42 15.48639 15.177** 7.23299










Environment 6 5764.29300 3.045** 276.52148
Location/Env. 42 1892.98950 6.881** 808.94385
Sample/Loc./Env. 49 275.10181 275.10181







Environment 6 257.04077 2.594* 11.28086
Location/Env. 42 99.10881 1.742* 21.10542











Environment 6 ; 0.25850 2.303* 0.01045
Location/Env. 42 0.11224 1.000 0.0
Sample/Loc./Env. 49 0.11224 0.11224
MORPHOTYPE NUMBER 132 TOTAL COUNT 5
Source D.F. M.S. F. Test Var. Comp.
Total 97
Environment 6 0.15986 3.842** 0.00923
Location/Env. 42 0.03061 0.560 0.0








Environment 6 0.87755 3.213** 0.04762
Location/Env. 42 0.21088 0.646 0.0











Environment 6 529.21069 6.198** 31.70186
Location/Env. 42 85.38434 1.960* 20.90645










Environment 6 6.89115 3.508** 0.32337
Location/Env. 42 2.36394 1.457 0.37075










Environment 6 0.97279 2.823* 0.04082
Location/Env. 42 0.40136 1.356 0.05272











Environment 6 134.21426 2.656* 5.97668
Location/Env. 42 50.54080 4.190** 19.24489










Environment 6 3.63945 2.255* 0.12585
Location/Env. 42 1.87755 1.353 0.24490
S amp le/Loc./Env. 49 1.38775 1.38775
MORPHOTYPE NUMBER 170 TOTAL COUNT 9
Source D.F. M.S. F. Test Var. Comp.
Total 97
Environment 6 0.15986 1.175 0.00170
Location/Eriv. 42 0.13605 1.905* 0.03231











Environment 6 16.25850 4.052** 0.87706
Location/Env. 42 3.97959 0.985 0.0
Sample/Loc./Env. 49 4.04082 4.04082
MORPHOTYPE NUMBER 183 TOTAL COUNT 7
Source D.F. M.S. F. Test Var. Comp.
Total 97
Environment 6 0.04762 0.538 0.0
Location/Env. 42 0.08844 1.733* 0.01871










Environment 6 182.49316 2.273* 7.30078
Location/Env. 42 80.28230 2.616** 24.79220
Sample/Loc./Env. 49 30.69386 30.69386
MORPHOTYPE NUMBER 204 TOTAL COUNT 4
Source D.F. M.S. F. Test Var. Comp.
Total 97
Environment 6 0.09183 2.468* 0.00437
Location/Env. 42 0.03612 0.885 0.0
Sample/Loc./Env. 49 0.04082 0.04082







Environment 6 1.73129 2.515* 0.08090
Location/Env. 42 0.59864 0.782 0.0










Environment 6 957.70044 1.714 28.64943
Location/Env. 42 558.60864 10.789** 253.41650
Sample/Loc./Env. 49 51.77550 51.77550
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Environment 6 16.84354 3.840** 0.86953
Location/Env. 42 4.67007 1.127 0.26360
Sample/Loc./Env. 49 4.14286 4.14286
MORPHOTYPE NUMBER 238 TOTAL COUNT 19
Source D.F. M.S. F. Test Var. Comp.
Total 97
Environment 6 0.51701 2.583* 0.02721
Location/Env. 42 0.13605 0.533 0.0
Sample/Loc./Env. 49 0.25510 0.25510
MORPHOTYPE NUMBER 240 TOTAL COUNT 404
Source D.F. M.S. F. Test Var. Comp.
Total 97
Environment 6 33.46938 3.857** 1.83333
Location/Env. 42 7.80272 0.828 0.0
Sample/Loc./Env. 49 9.42857 9.42857
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MORPHOTYPE NUMBER 282 TOTAL COUNT 10
Source D.F. M.S. F. Test Var. Comp.
Total 97
Environment 6 0.11565 0.773 0.0
Location/Env. 42 0.14966 1.776* 0.03401
Sample/Loc./Env. 49 0.08163 0.08163
MORPHOTYPE NUMBER 287 TOTAL COUNT 5
Source D.F. M.S. F. Test Var. Comp.
Total 97
Environment 6 0.06463 0.950 0.0
Location/Env. 42 0.06803 2.222** 0.01871
Sample/Loc./Env. 49 0.03061 0.03061







Environment 6 0.37415 1.410 0.00774
Location/Env. 42 0.26531 2.167** 0.07143
Sample/Loc./Env. 49 0.12245 0.12245








Environment 6 6.51700 2.324* 0.24757
Location/Env. 42 3.05102 1.177 0.22959










Environment 6 0.27891 2.338* 0.01336
Location/Env. 42 0.09184 0.618 0.0
Sample/Loc./Env. 49 0.14286 0.14286







Environment 6 30.02380 1.600 0.80467
Location/Env. 42 18.75848 1.713* 3.90475











Environment 6 178.73465 2.492* 7.62755
Location/Env. 42 71.94898 4.326** 27.65816
Sample/Loc./Env. 49 16.63264 16.63264







Environment 6 4.72449 3.219** 0.24465
Location/Env. 42 1.29932 0.806 0.0
Samp 1e/Loc./Env. 49 1.61225 1.61225
MORPHOTYPE NUMBER 337 TOTAL COUNT 567
Source D.F. M.S. F. Test Var. Comp.
Total 97
Environment 6 80.54761 0.698 0.0
Location/Env. 42 115.42168 2.673** 36.12410











Environment 6 0.22449 0.386 0.0
Location/Env. 42 0.58163 1.676* 0.11735
S ample/Loc./Env. 49 0.34694 0.34694
MORPHOTYPE NUMBER 374 TOTAL COUNT 4
Source D.F. M.S. F. Test Var. Comp.
Total 97
Environment 6 0.09837 2.724* 0.00437
Location/Env. 42 0.03061 0.750 0.0
Sample/Loc./Env. 49 0.04082 0.04082
MORPHOTYPE NUMBER 385 TOTAL COUNT 5
Source D.F. M.S. F. Test Var. Comp.
Total 97
Environment 6 0.15986 2.514* 0.00753
Location/Env. 42 0.05442 0.762 0.0
Sample/Loc./Env. 49 0.07143 0.07143








Environment 6 1.80612 2.554* 0.07993
Location/Env. 42 0.68707 0.948 0.0
Sample/Loc./Env. 49 0.72449 0.72449







Environment 6 2.90476 3.642** 0.15209
Location/Env. 42 0.77551 0.950 0.0








Environment 6 9.22449 3.039* 0.45360
Location/Env. 42 2.87415 0.906 0.0
Sample/Loc./Env. 49 3.17347 3.17347
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TOTAl. SACCATE TOTAL COUNT 2092
Source D.F. M.S. F. Test Var. Comp.
Total 97
Environment 6 303.19252 2.831* 14.00340
Location/Env. 42 107.08163 1.817* 24.07143








Environment 6 2166.54762 6.647** 131.47157
Location/Env. 42 325.94558 3.061** 109.73299








Environment 6 1058.19048 8.074** 66.22303
Location/Env. 42 131.06803 2.029** 33.22789









Environment 6 2131.20068 2.788* 97.62439
Location/Env. 42 764.45918 5.185** 308.51020
Sample/Loc./Env. 49 147.43878 147.43878
TOTAL QUERCUS TOTAL COUNT 756
Source D.F. M.S. F. Test Var. Comp.
Total 97
Environment 6 117.19048 5.367** 6.62099
Location/Env. 42 24.49660 1.252 2.47279
Sample/Loc./Env. 49 19.55102 19.55102
TOTAL SEDGE TOTAL COUNT 927
Source D.F. M.S. 1'. Test Var. Comp.
Total 97
Environment 6 259.28231 2.155 9.92638
Location/Env. 42 120.31292 2.275* 33.71258




This appendix includes the location of all samples used in 
the study. The first three fields, designated E, L, and S refer to 
the numerical code on the IBM data cards for environment, location 
and sample respectively. The environment field code is 1 = channel,
2 = interdistributary bay, 3 = natural levee, 4 = marsh, 5 = distributary 
mouth bar, 6 = distal bar, 7 = prodelta. In the location field, the 
numbers run from 1 to 7, indicating the specific location with the 
environment. Within a location, two samples were used and are designated 
1 and 2.
The assemblage field is the preparation number assigned for 
laboratory processing and data collecting described in the chapter on 
Methodology. The next two fields are the latitude and longitude 
location of each sample respectively. The last field is a verbal 
description of each sample location.
There are two sets of samples numbered 151 and 152 in the IBM 
data card columns. The set 151* and 152* were used in the absolute 
frequency part of the study. Since there were too few miospores to 
count in the relative frequency study without counting 20-30 slides 
per sample on the slides prepared from these samples, a different set 
of channel samples was substituted for the relative frequency study.
In the offshore samples, the sample numbers SP-1, SP-2, etc. are 
the field sample numbers used by Frank Swaye (incomplete doctoral
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dissertation, Department of Geography, Louisiana State University - 
Baton Rouge). Since seven samples were not collected by Swaye from 
the prodelta environment, two prodelta samples from the LSU/USGS 2 
cruise were selected in order to keep the sampling design described in 
the Methodology Chapter. The abbreviation WD was used for water depth 
for the offshore samples.
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E L S Assemblage Lat.°N Long.°W
1 1 1 6531 29°6.95' 89°4.21
1 1 2 6505 29°6.95' 89°4.2'
1 2 1 6485 29°5.7' 89°4.1'
1 2 2 6464 29°5.7' 89°4.1'
1 3 1 6510 29°6.5' 89°4.2'
1 3 2 6511 29°6.5' 89°4.2’
1 4 1 6529 29°7.4' 89°3.5'
1 4 2 6512 29°7.4' 89°3.5'
1 5 1* 6509 29°7.55' 89°5.3'
1 5 2* 6500 29°7.55' 89°5.3'
1 5 1 6484 29°11.0 89°11.8'
1 5 2 6450 29°11.0 89°11.8'
1 6 1 6504 29°9.35' 89°9.6'
1 6 2 6530 29°9.35* 89°9.6'
1 7 1 6451 29°11.4 89°15.4'
1 7 2 6513 29°11.4 89°15.4'
2 1 1 6459 29°4.3' 89°6.5'
2 1 2 6468 29°4.3 89°6.5
2 2 1 6524 29°4.2' 89°6.5'
2 2 2 6497 29°4.2' 89°6.5'
2 3 1 6514 29°8.8' 89°9.2'
2 3 2 6506 29°8.8' 89°9.2'
2 4 1 6487 29°8.6' 89°11.75
2 4 2 6470 29°8.6' 89°11.75
Verbal
SE Pass, 100 yds S junct . NE Pass
SE Pass, 100 yds S junct . NE Pass
SE Pass, 1.6 mi S junct. NE Pass
SE Pass, 1.6 mi S junct. NE Pass
SE Pass, 0.6 mi S junct. NE Pass
SE Pass, 0.6 mi S junct. NE Pass
NE Pass, 0.7 mi E junct. SE Pass
ME Pass, 0.7 mi E junct. SE Pass
SE Pass, 1.2 mi NW junct . NE Pass
SE Pass, 1.2 mi NW junct . NE Pass
Raphael Pass , 100 yds E crevasse
into Lake Pond 
Raphael Pass, 100 yds E crevasse 
into Lake Pond
SE Pass, 0.2 mi S junct. Pass A 
loutre
SE Pass, 0.2 mi S junct. Pass A 
loutre
Raphael Pass, 100 yds S junct.
Octave Pass 
Raphael Pass, 100 yds S junct. 
Octave Pass
Garden Island Bay, 300 yds S 
Loomis Pass mouth 
Garden Island Bay, 300 yds S 
Loomis Pass mouth
Garden Island Bay, 400 yds S 
Loomis Pass mouth 
Garden Island Bay, 400 yds S 
Loomis Pass mouth
IB behind W levee SE Pass,
1.0 mi S junct. Pass A Loutre 
IB behind W levee SE Pass,
1.0 mi S junct. Pass A Loutre
SW end IB behind crevasse 1.1 mi 
E junct. Johnson Pass - Pass 
A Loutre 
SW end IB behind crevasse 1.1 mi 
E junct. Johnson Pass - Pass 
A Loutre
*used only in absolute frequency study
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J£ L £. Assemblage
2 5 1 6479
2 5 2 6501
2 6 1 6460
2 6 2 6453
2 7 1 6488
2 7 2 6532
3 1 1  6483
3 1 2  6515
3 2 1 6477
3 2 2 6457
3 3 1 6463
3 3 2 6478
3 4 1 6535
3 4 2 6523
3 5 1 6537



















SE end IB behind crevasse 1.1 mi 
E junct. Johnson Pass - Pass 
A Loutre 
SE end IB behind crevasse 1.1 mi 
E junct. Johnson Pass - Pass 
A Loutre
IB behind Loomis Pass, 0.5 mi E 
junct. Cognevich Pass 
IB behind Loomis Pass, 0.5 mi E 
junct. Cognevich Pass
IB off oil field canal, 0.8 mi N 
Loomis Pass; canal 0.3 mi E 
junct. Cognevich Pass - 
Loomis Pass 
IB off oil field canal, 0.8 mi N 
Loomis Pass; canal 0.3 mi E 
junct. Cognevich Pass - 
Loomis Pass
E bank SE pass, 2.6 mi S junct.
Pass A Loutre 
E bank SE Pass, 2.6 mi S junct. 
Pass A Loutre
W bank SE Pass, 1.4 mi S junct.
Pass A Loutre 
W bank SE Pass, 1.4 mi S junct. 
Pass A Loutre
W bank SE Pass, 1.0 mi S junct.
Pass A Loutre 
W bank SE Pass, 1.0. mi S junct. 
Pass A Loutre
S bank Pass A Loutre, E side 
crevasse, 1.1 mi junct. 
Johnson Pass 
S bank Pass A Loutre, E side 
crevasse,1.1 mi junct. 
Johnson Pass
S bank Pass A Loutre, W side 
crevasse, 1.1 mi junct. 
Johnson Pass 
S bank Pass A Loutre, W side 
crevasse, 1.1 mi junct. 
Johnson Pass
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89°13.15' S bank Raphael Pass, 2.2 mi E 
junct. Octave Pass 




89°11.9I S bank Raphael Pass, W side 
crevasse into Lake Pond 
S bank Raphael Pass, W side 











160 yds from bank, E side SE
Pass, 2.6 mi S junct. Pass 
A Loutre (Sagittaria. grass)
160 yds from bank, E side SE
Pass, 2.6 mi S junct. Pass 
A Loutre (Sagittaria, grass)
60 yds from bank, W side SE Pass,
1.4 mi S junct. Pass A 
Loutre (Sagittaria. grass)
60 yds from bank, W side SE Pass,
1.4 mi S junct. Pass A 
Loutre (Sagittaria, grass)
50 yds W westernmost crevass
channel into N end Lake Pond 
(alligator weed floating 
mat)
50 yds W westernmost crevass
channel into N end Lake Pond 
(alligator weed floating 
mat)
SW end bay behind Cities Service 
WLF camp (alligator weed 
floating mat)
SW end bay behind Cities Service 




89°11.25' SE end bay behind Cities Service 
WLF camp (Roseau cane) 
89°11.25' SE end bay behind Cities Service 
WLF camp (Roseau cane)
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E L S Assemblage Lat.°N Long.°W
4 6 1 6527 29°10.8' 89°11.6
4 6 2 6458 29°10.8' 89°11.6
4 7 1 6493 29°7.3' 89°11.45
4 7 2 6474 29°7.3' 89°11.45
5 1 1 6539 28°58.51' 89°7.5'
5 1 2 6496 28°58.511 89°7.5'
5 2 1 6498 28°59.08' 89°8.0'
5 2 2 6486 28°59.08' 89°8.0'
5 3 1 6526 28°59.05' 89°7.4'
5 3 2 6456 28°59.05‘ 89°7.4'
5 4 1 6533 28°59.2' 89°7.74'
5 4 2 6472 28°59.2' 89°7.74'
5 5 1 6481 28°58.15' 89°8.25'
5 5 2 6482 28°58.15' 89°8.25'
5 6 1 6476 28°58.25' 89°8.2'
5 6 2 6517 28°58.251 89°8.2'
5 7 1 6467 28°58.9' 89°7.6'
5 7 2 6466 28?58.9' 89°7.6'
6 1 1 6525 28°58.15' 89°6.0'
6 1 2 6454 28°58.15' 89°6.0'
6 2 1 6516 28?58.62' 89°6.6'
6 2 2 6469 28°58.62' 89°6.6'
6 3 1 6520 28? 57.18' 89°8.4'
6 3 2 6471 28? 57.18' 89°8.4'
6 4 1 6494 2E?57.3' 89°8.15'
6 4 2 6491 28? 57.3' 89°8.15'
Verbal
150 yds IS easternmost crevasse 
channel into E end Lake 
Pond (alligator weed 
floating mat)
150 yds E easternmost crevasse 
channel into E end Lake 
Pond (alligator weed 
floating mat)
60 yds from bank, W side Loomis 
Pass, 0.5 mi S junct. 
Cheniere Pass 
60 yds from bank, W side Loomis 



































































E L S Assemblage Lat.°N Long.°W Verbal
6 5 1 6502 28°58.25' 89°6.5' Sp-20 WD-105 ft
6 5 2 6558 28°57.251 89°6.5' SP-20 WD-105 ft
6 6 1 6528 28°58.3' 89°6.6f SP-21 WD-62 ft
6 6 2 6560 28°58.3' 89°6.6' SP-21 WD-62 ft
6 7 1 6480 28°58.1' 89°6.3' SP-28 WD-125 ft
6 7 2 6554 28°58.1' 89°6.3' SP-28 WD-125 ft
7 1 1 6475 28°58.15' 89°5.2' SP-6 WD-140 ft
7 1 2 6555 28°58.15' 89°5.2' SP-6 WD-140 ft
7 2 1 6519 28°56.6' 89°8.41' SP-15 WD-160 ft
7 2 2 6551 28°56.6' 89°8„41f SP-15 WD-160 ft
7 3 1 6508 28°56.18' 89°8.6' SP-19 WD-162 ft
7 3 2 6552 28°56.18' 89°8.6* SP-19 WD-162 ft
7 4 1 6521 28°57.15' 89°4.9‘ SP-25 WD-190 ft
7 4 2 6553 28°57.15' 89°4.9' SF-25 WD-190 ft
7 5 1 6507 28°55.8I 89°6.9’ SP-37 WD-200 ft
7 5 2 6550 28°55.8' 89°6.9' SP-37 WD-200 ft
7 6 1 6042 28°49.486' 89°28.24' LSUSGS-2 St. 16, 
WD-200 ft
7 6 2 6046 28°49.486' 89°28.24' LSUSGS-2 St. 16, 
WD-200 ft
7 7 1 6050 28°48.366' 89°29.09' LSUSGS-2 St. 16, 
WD-240 ft








Absolute Frequency Data for Individual Morphotypes
This appendix includes the total number of individuals of each 
morphotype per gram of sediment in each sample. These data were 
computed using the method described in Chapter Four. Although these 
data were not analyized in this study, it was felt since the data 
were collected it should be included here in order that they could 
be referred to in later investigations. The appendix is a computer 
print out of the data cards as they would be used in later studies.
The first three fields, designated E, L, and S refer to the 
numerical code on the IBM data cards for environment, location, and 
sample respectfully. The environment field code is 1 = channel, 2= 
interdistributary bay, 3= natural levee, 4= marsh, 5= distributary 
mouth bar, 6= delta front, 7= prodelta. In the location field, the 
numbers run from one to seven indicating the specific location within 
the environment. Within a location, two samples were used and are 
designated one and two respectfully. The next numbers across the top 
of the page refer to the morphotype number. The last field labelled 
C refers to the card number.
ELS 1 2 3 4 5 6 7 8
111 0 263 0 0 309 58 0 58
112 0 0 0 0 75 112 0 0
121 0 0 0 0 1105 304 0 0
122 c 50 0 50 703 50 0 0
131 0 0 0 0 99 50 0 0
132 0 37 0 0 368 0 0 u
141 0 0 0 0 246 108 0 0
142 c 63 0 n 63 215 0 0
151 0 75 0 0 148 0 0 0
152 0 14 0 0 176 28 0 0
161 0 0 0 0 317 47 0 0
162 0 0 0 34 368 335 0 0
171 0 29 0 0 280 29 58 0
172 0 0 0 0 711 165 0 0
211 0 0 0 n 676 234 G 0
212 0 0 0 0 309 0 0 0
221 0 31 0 0 89 116 0 31
222 0 0 0 fi 280 72 C u
231 0 0 0 n 1688 91B 0 0
232 0 0 G 0 1077 96 0 j
241 0 0 n o 991 0 0 0
242 0 0 0 0 523 332 0 0
251 0 44 c 0 742 44 0 0
252 0 0 0 0 1389 424 0 G
261 0 64 0 0 437 64 0 0
262 0 60 0 0 405 119 0 0
271 0 0 0 n 1539 0 0 G
272 0 G p 0 1176 4 05 G G
311 G 0 n-u r 315 0 0 u
312 G U 0 n 181 15 G G
321 0 u 0 p i ? 41 71 C c
32 2 0 86 G 0 H26 141 29 u
331 0 0 n n 797 146 0 0
9 10 11 12 13 c
58 0 0 507 0 lfi
0 0 0 112 0 1A
f; 0 G 734 U 1A
0 0 50 333 0 1A
25 25 0 99 0 1A
0 37 0 176 0 1A
0 0 0 410 0 1A
31 0 0 419 0 1A
0 19 0 148 0 1A
28 0 0 96 0 1A
G 0 0 567 0 1A
0 0 0 433 G 1A
G 29 0 253 0 1A
0 0 0 310 G 1A
0 0 0 325 0 1A
0 0 20 119 0 1A
143 0 31 325 G 1A
G c 0 212 u 1A
0 0 0 343 87 1A
c 0 0 96 G 1A
c 0 G 0 U 1A
0 0 0 201 0 1A
0 44 G 218 G 1A
0 0 C 581 G 1A
128 u 0 376 0 1A
0 0 0 349 G 1A
0 0 0 180 0 1A
0 G 0 0 G 1A
86 0 n 116 u 1A
15 0 0 15 0 1A
n Q n 138 0 1A
0 0 0 114 0 1A
37 0 37 218 tl 1A
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ELS 1 2 3 4 5 6 7 8
332 0 0 0 0 1324 253 0 45
341 0 0 0 n 614 222 0 0
342 0 0 0 0 748 182 0 0
351 c 36 0 0 631 547 0 0
352 0 0 0 0 675 202 136 0
361 0 0 0 0 1058 79 79 0
362 120 0 0 0 1899 0 0 0
371 0 0 0 0 950 229 0 0
372 0 0 0 0 1436 318 0 0
411 0 0 0 0 1360 175 175 0
412 c G 0 0 2101 902 0 0
421 0 108 0 0 2435 1251 0 0
422 c 0 0 0 3026 832 0 0
431 38 0 0 n 453 354 0 0
432 0 0 0 0 723 216 0 0
441 0 0 0 0 3556 2472 966 0
442 102 0 0 0 4314 102 0 0
451 G 480 0 n 2624 480 249 0
452 0 2083 0 0 2259 0 0 0
461 0 0 0 n 617 380 0 0
462 0 G 0 n 429 59 G 0
471 0 0 0 0 675 0 0 0
472 0 164 G 0 704 8? 83 0
511 0 0 0 0 378 29 0 0
512 0 0 0 40 405 157 0 u
521 0 4 0 0 13 7 0 0
522 0 0 0 0 134 11 11 0
531 0 28 0 0 245 165 0 28
532 0 0 0 n 346 59 0 0
541 0 0 0 n 191 129 0 0
542 0 0 r n 87 0 0 317
551 49 49 »■ 614 2 36 c u
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ELS 14 15 16 17 18 19 20 21
332 45 132 89 89 45 0 0 0
341 18 107 54 18 18 37 18 0
342 0 91 0 n 0 69 0 23
351 C 72 36 n 0 72 U 0
352 0 202 0 36 36 71 0 0
361 0 153 79 79 0 153 292 153
362 0 120 0 0 0 120 0 0
371 0 0 0 30 0 0 0 0
372 0 81 0 0 0 91 0 0
411 0 0 n 0 175 89 0 0
412 0 G 0 n 0 n 0 0
421 0 0 n 0 108 413 0 0
422 0 0 n n 0 130 0 0
431 75 0 C 38 111 178 0 38
432 0 317 0 P 56 216 56 0
441 0 0 0 0 0 191 0 0
442 0 0 102 102 0 102 0 0
451 0 0 0 0 0 249 0 0
452 0 0 n 0 288 288 0 0
461 c 54 n n U 204 0 0
462 0 88 29 0 0 59 29 29
471 0 258 BP 68 258 88 0 0
472 0 402 n n 244 324 63 0
511 0 169 86 p 57 0 0 57
512 40 118 40 0 116 157 G 0
521 0 0 1 3 3 9 0 0
522. 0 144 0 It U 32 0 11
531 c 133 28 0 165 138. 0 28
532 0 59 59 n 59 n 118 59
*41 0 16 0 3? 33 65 66 G 0542 0 1 00 0 67 348 0 0
551 c 144 49 n 97 P 0 144
552 f. G C 3? (J 63 0 3 2
22 23 24 25 C
0 45 0 633 18
0 0 n 299 IB
C 0 0 159 1B
0 r\U G 369 IB
36 0 36 323 IB
79 0 0 1125 IB
0 0 0 539 IB
0 0 0 118 IB
0 0 0 395 18
n 0 0 481 IB
0 0 0 522 IB
n 0 0 2103 IB
0 0 0 1237 IB
0 c 38 241 IB
0 0 56 267 IB
0 nu 0 2801 IB
fi 0 0 808 IB
0 0 0 a IB
n 0 0 0 IB
54 54 0 204 IB
0 0 0 317 1 R
88 88 n 340 IB
164 0 0 479 18
29 0 0 223 18
40 c 0 267 IB
n (j 0 3 16
li 0 0 124 IS
28 p p 0 1 9
n 0 69 722 IS
65 33 0 1 2 9 IB
34 34 0 67 i  .
97 49 49 191 IB
0 U 0 185 IB
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132 37 108 1153 G 0 72 0 0
141 75 0 1606 0 0 73 108 0
m 2 0 31 1523 0 0 63 0 0
151 0 0 443 0 0 19 0 19
152 14 0 403 n 0 0 0 0
161 139 0 1739 0 0 0 0 0
162 0 0 1979 34 0 0 34 34
171 29 0 1157 0 0 0 0 29
172 0 0 1460 0 0 n 0 0
211 G 0 1893 0 Q c 0 48
212 0 0 401 9 0 20 0 0
221 31 60 666 0 0 60 0 0
222 0 0 726 48 0 24 0 0
231 C 0 1310 0 87 0 G C
232 0 0 1321 n 0 96 0 0
291 0 0 741 0 0 163 0 0
242 G 0 1457 68 G 0 201 G
251 C 0 1214 0 0 0 0 0
252 89 0 2208 0 0 0 0 176
?tl 0 0 1995 r 0 0 0 0
262 G 0 1543 n 0 0 0 60
271 0 0 1206 n 0 0 0 0
272 0 60 882 n 0 0 0 0
311 G 29 717 o 0 29 59 0
312 0 46 91 n 0 76 15 0
321 G 0 380 0 0 71 0 0
322 0 0 362 o 0 29 0 0
331 37 37 36 0 37 0 P 74 0
97 98 99 100 C
58 433 0 0 4B
0 75 0 0 4B
0 527 0 0 4B
100 196 0 0 4B
25 453 0 0 4B
0 108 0 0 4B
37 246 0 0 4B
31 419 0 0 4B
38 148 0 19 4B
14 96 0 0 4B
0 184 0 0 48
0 202 0 0 48
0 114 0 0 4B
0 354 0 0 4B
0 183 0 0 48
0 60 0 20 4B
31 240 0 0 48
G 95 0 0 48
0 918 0 0 46
0 823 0 0 4B
0 607 0 0 4B
0 709 0 0 4B
0 218 0 0 48
0 1205 0 89 48
64 191 0 64 45
0 119 0 0 48
0 263 0 0 48
60 0 0 0 4B
0 370 0 0 46
15 254 0 0 48
0 1520 71 0 4B
0 779 0 0 up








































































































97 98 99 100 C
0 506 0 0 46
0 107 18 0 46
0 91 0 0 4B
72 242 0 0 46
0 202 0 0 48
79 292 0 0 48
0 . 718 0 0 48
89 118 0 0 4B
0 81 0 0 4B
0 89 0 0 48
0 776 n G 48
0 2299 0 0 48
0 2744 0 0 48
c 453 0 0 48
56 216 n ft 4B
0 533 0 0 48
0 1106 0 0 48
0 1418 o 0 48
0 288 0 0 48
54 54 0 54 4B
0 232 0 0 4B
G 1344 88 0 4B
0 324 ft 0 4B
29 196 0 29 4B
0 231 ft 0 48
0 13 0 3 4B
n 42 11 11 48p 569 0 0 4B
176 564 0 0 48
33 160 ft 0 4B
0 227 n n 43
C ?3b r. 97  ̂d
63 185 0 0 48
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ELS 89 90 91 92 93 94 95 96
561 0 0 611 0 0 0 0 0
562 20 20 532 0 0 78 0 0
571 107 0 1209 0 0 0 0 0
572 32 0 697 0 0 0 94 0
611 151 0 1847 51 0 0 51 0
612 0 29 864 0 0 0 29 0
621 0 40 1707 0 0 0 40 40
622 0 0 1656 0 0 54 108 0
631 0 0 615 26 0 52 26 0
632 0 0 1205 0 0 46 46 0
641 44 0 1641 0 0 44 44 0
642 0 0 2511 0 0 0 53 0
651 0 0 2100 0 0 39 39 0
652 106 36 771 0 0 0 36 0
661 0 0 1106 55 0 0 28 0
662 0 43 1117 43 0 43 86 0
671 C 0 1670 0 0 0 0 0
672 n 0 1058 0 0 0 201 0
711 99 0 1241 0 0 148 0 0
712 100 34 933 n 0 0 0 0
721 0 48 2553 n c 0 48 0
72? G 0 1782 0 G 0 117 0
731 0 0 2151 0 0 0 46 0
732 G 41 1304 0 u 0 0 122
741 0 0 1708 0 0 n 137 0
742 82 0 1338 0 0 0 82 U
751 0 58 2178 . n 0 0 58 0
752 0 0 1248 n 0 n 87 0
761 57 29 731 n G 0 0 D
762 0 0 684 0 0 0 32 0
771 0 31 = 91 31 0 31 31 0
772 178 0 927 0 0 n 60 0
97 98 99 100 c
0 115 0 0 46
39 263 0 20 48
0 403 0 54 4B
32 329 nu 32 46
102 344 0 0 4B
86 142 0 0 48
0 385 0 0 48
0 264 0 0 46
26 154 0 0 48
0 1335 0 0 48
0 534 0 44 46
0 265 0 0 48
0 154 0 0 48
0 279 0 0 46
0 187 0 0 48
43 369 0 0 46
C 462 0 45 46
41 389 0 0 46
n 290 0 0 46
c 405 0 0 46
0 189 0 0 48
59 504 G 0 46
0 266 0 0 46
0 277 c 41 48
0 203 0 0 46
0 238 0 0 48
0 0 0 0 48
0 257 0 0 43
0 256 0 0 46
0 346 0 0 46
31 374 0 0 46
60 2 66 0 0 4b
ELS 101 102 103 104 105 106 107 108
111 C 0 0 0 0 0 0 0
112 0 19 0 19 0 19 19 0
121 0 0 0 63 0 0 0 0
122 0 50 148 0 0 50 50 50
131 0 0 74 50 0 0 0 0
132 0 37 0 37 0 0 0 0
141 0 0 0 144 0 n 0 0
142 0 31 0 63 0 0 0 0
151 c 0 0 19 0 0 0 0
152 0 0 0 0 0 0 28 0
161 0 47 0 47 0 0 0 0
162 0 0 Q 66 0 34 0 0
171 0 0 58 0 0 0 0 0
172 0 0 0 216 0 0 0 0
211 0 48 0 141 0 0 0 4e
212 c 0 0 79 0 0 0 0
221 c 0 0 C 0 0 0 0
222 0 0 G 24 0 0 G 0
231 c 0 0 258 0 n 0 c
232 0 0 0 648 0 0 191 0
241 G 0 0 318 0 0 0 0
242 0 201 0 267 0 0 66 68
251 G 0 44 44 0 0 G 44
252 0 0 0 89 0 0 0 0
261 c 0 0 315 0 0 64 0
262 0 0 60 119 0 0 60 0
271 G 0 0 0 0 0 0 0
272 0 0 n 60 0 0 0 0
311 0 0 0 29 0 0 29 0
312 G 0 0 n 0 0 0 0
321 C 0 0 n 0 0 136 0
322 0 29 58 114 0 29 29 0








































































































ELS 101 102 103 109 105 106 107 108
332 0 95 95 95 0 0 0 0
391 0 0 0 18 0 0 18 0
392 0 0 0 23 0 G 23 C
351 0 0 0 36 0 0 36 0
352 C 36 170 36 0 0 36 36
361 0 0 357 79 0 79 0 0
362 0 0 0 239 0 0 120 0
371 0 0 0 0 0 n 0 0
372 G 0 0 0 0 0 0 0
911 0 0 0 0 0 0 0 0
91? 0 0 0 263 0 0 0 0
921 0 0 0 0 0 0 0 0
922 0 0 0 0 0 0 0 0
931 0 0 G 75 0 0 75 0
932 0 0 0 267 0 0 0 0
991 0 0 0 191 0 0 0 0
992 0 0 0 0 0 0 102 0
951 0 0 0 0 0 0 0 0
952 0 0 0 558 0 0 0 0
961 0 0 0 156 0 59 0 Q
962 0 59 0 59 •a 29 0 0
971 0 0 0 258 0 0 0 0
972 0 0 83 299 0 n 83 0
511 0 0 29 57 a C 0 0
512 0 0 0 80 0 n 0 0
521 0 0 0 1 0 0 1 0
522 c 11 11 C u 0 0 21
531 0 0 0 111 0 0 28 0
532 0 59 0 176 0 n 0 0
591 G 33 0 129 a n 33 0
592 0 G n 67 0 39 0
551 0 0 0 n a 0 99 0
552 G 0 r 3? 0 0 0 0
109 110 111 112 113 C
0 0 95 903 0 5A
18 18 0 289 0 5A
23 0 0 811 0 5A
36 36 0 209 G 5A
0 71 0 138 0 5A
229 0 153 1378 0 5A
0 0 120 2893 0 5A
0 0 0 256 C 5A
0 0 0 81 0 5A
0 0 175 909 C 5A
132 132 0 1150 0 5A
0 0 108 315 0 5A
0 0 0 1190 0 5A
0 38 0 327 0 5A
56 111 0 961 0 5A
0 0 368 9070 0 5A
0 102 20910992 0 5A
0 0 1255 5660 0 5A
0 0 1059 7699 0 5A
0 0 0 1080 u 5A
29 0 0 117 0 5A
0 0 0 2279 0 5A
83 0 0 1395 u 5 A
0 0 0 0 u 5A
0 90 0 0 c 5A
0 G 0 0 0 5A
32 0 n n 2 5A
0 28 0 0 0 5A
0 59 59 59 0 5 A
0 33 0 0 0 5 A
c 67 n 0 G 5A
99 0 0 97 G 5A
G U 0 0 u 5A
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ELS 101 102 103 104 105 106 107 108
561 0 29 0 172 0 0 29 0
562 0 0 20 39 0 0 59 0
571 C 0 0 107 0 0 0 0
572 0 32 63 63 0 0 0 32
611 0 51 0 51 0 0 51 0
612 0 0 57 29 u c C 0
621 0 0 0 197 0 0 40 0
622 0 0 0 108 0 0 54 108
631 0 Q 26 26 0 c 0 0
632 0 0 46 179 0 0 91 46
6*11 0 0 0 131 0 0 0 0
642 0 0 53 318 0 0 0 0
651 0 39 0 116 0 0 0 0
652 0 0 36 36 U 36 0 0
661 0 0 0 82 0 0 0 0
662 0 0 0 43 0 0 43 0
671 0 0 0 176 0 0 0 0
672 0 0 0 8? 0 0 82 0
711 0 0 0 50 0 0 0 0
712 c 0 0 0 0 0 0 0
721 c 0 0 49 0 0 0 0
722 0 0 0 59 0 0 0 59
731 0 46 0 91 0 46 46 0
732 0 41 0 41 0 n 0 0
741 0 0 0 268 0 0 69 0
742 0 82 0 0 0 0 U 0
751 0 0 0 227 0 0 0 0
752 0 0 0 87 0 0 0 0
761 0 0 29 29 0 29 0 c
762 0 0 0 95 0 0 32 0
771 e 0 0 63 0 0 0 0
772 0 0 0 60 0 n 0 G
109 110 111 112 113 c
0 0 0 29 0 5A
20 0 0 0 0 5A
54 107 0 0 0 5 A
94 0 32 0 0 5A
51 51 0 0 0 5A
0 0 29 0 0 5A
0 0 40 0 0 5A
264 0 0 0 0 5A
0 0 C 0 0 5A
0 0 0 91 0 5A
0 44 0 44 0 5 A
0 53 0 0 0 5A
0 39 39 0 0 5A
0 0 0 0 0 5 A
28 0 0 0 0 5A
43 0 0 0 0 5A
45 0 Q 45 0 5A
0 0 0 41 0 5A
0 0 0 0 0 5A
0 0 0 34 0 5A
0 4S 48 95 c 5A
59 0 59 0 0 5A
0 0 46 0 L 5A
0 0 0 41 0 5A
C 0 0 0 0 5A
0 41 41 122 0 5 A
58 0 58 0 0 5A
0 0 44 0 0 5A
0 0 0 c u 5A
32 0 n 0 0 5A
C 0 0 31 0 5A
0 0 0 60 0 5 A
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e l s 119 115 116 117 118 119 120 121
1 11 0 1163 0 0 971 0 113 0
112 0 635 0 0 185 G 36 0
121 0 832 0 0 309 0 0 0
122 0 505 0 0 198 0 0 0
131 0 239 25 0 25 0 0 0
132 0 368 0 n 0 0 72 0
191 0 533 0 0 213 37 73 0
19? 0 559 0 0 185 n 63 0
151 0 308 0 0 220 0 38 0
152 G 367 r; 0 136 0 28 0
161 0 999 0 0 273 0 97 0
162 G 998 0 0 269 c 0 0
171 0 619 0 0 119 29 29 0
172 0 795 0 0 113 0 0 0
211 G 676 0 0 899 0 98 0
212 0 955 0 0 177 20 20 90
221 G 999 0 G 168 0 89 0
222 C 591 0 0 95 0 72 0
231 G 837 n 0 87 0 0 0
232 0 1321 0 0 96 0 0 0
291 C 791 0 0 0 0 0 0
29? G 1292 0 0 68 66 68 0
251 0 1180 0 0 99 0 99 0
252 0 992 0 n 393 0 0 0
261 0 1273 ft 0 259 C 0 0
262 60 1129 0 n 0 0 60 0
271 0 810 0 n 263 n 0 0
272 0 119 0 0 0 0 0 0
311 0 586 0 0 88 0 29 0
312 G 925 0 0 61 0 0 0
321 0 631 0 n G • 0 0 0
322 0 339 0 0 316 0 0 29
331 G 633 0 n 325 ft 0 0
22 123 129 125 C
58 0 0 0 580 0 0 0 580 0 0 0 500 0 0 0 5B0 c 0 0 5B
37 0 0 0 58
0 0 0 0 5B
0 0 0 0 58
19 G 0 0 5BG 0 0 0 58
0 0 0 0 5B
0 0 0 0 53n 0 0 0 580 G 0 0 5B
0 G 0 0 5B
0 0 0 0 58
31 0 0 0 580 c G 0 580 0 0 0 58
0 0 0 0 580 0 0 G 58
0 0 0 0 5B0 0 0 0 580 G 0 0 580 0 0 0 560 0 0 0 5B
0 G 0 0 580 0 0 0 58
0 0 0 0 58
0 0 0 0 5B0 0 0 G 58o 0 29 0 580 0 0 37 58
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ELS 114 115 116 117 118 119 120 121
332 0 031 0 0 89 0 45 0
3 m 18 328 0 0 54 0 0 18
342 0 663 0 n 46 0 23 0
351 G 576 0 c 141 0 175 0
352 0 379 0 0 105 36 0 0
361 c 826 0 0 689 0 0 0
362 0 1226 0 n 0 0 0 0
371 0 457 0 0 89 0 60 30
372 0 1111 0 0 81 0 Q 0
411 0 1281 0 0 256 0 0 0
412 0 3623 0 n 132 0 132 0
421 0 2203 0 0 213 0 0 0
422 0 1849 0 0 0 0 130 0
431 G 542 0 0 75 0 38 0
432 0 804 0 n 596 0 0 0
441 0 1092 0 0 0 0 0 0
442 0 507 0 0 0 0 0 0
451 c 1081 0 n 0 0 0 c
452 0 1282 0 0 0 0 0 0
461 0 789 0 0 0 0 0 0
462 G 512 0 0 512 29 29 0
471 G 1758 c 0 88 0 88 0
472 0 991 0 0 402 0 U 0
511 0 327 0 n 66 29 57 0
512 C 654 0 c 40 40 40 0
521 0 22 c- 0 13 0 1 0
522 0 164 0 n 63 0 42 0
531 G 593 0 n 111 0 C 0
532 0 924 0 0 670 59 0 0
541 G 739 c 0 lbG 33 65 33
542 C 735 n n 133 n 34 0
551 G 973 G p 49 0 0 c
552 L 544 0 L' 32 0 63 c
122 123 124 125 c
0 0 0 0 58
0 0 18 0 58
0 0 0 0 5B
0 0 0 0 58
n 0 0 0 58
0 0 0 0 58
0 0 0 0 58
0 0 0 0 5B
0 0 0 0 58
0 0 0 0 58
0 0 0 0 58
0 0 0 0 58
0 0 0 0 58
0 0 n 0 58
56 56 0 0 58
0 0 0 0 58
C u 0 0 58
0 0 0 0 5B
0 0 0 0 58
0 0 0 0 58
0 0 0 29 58
0 0 0 0 5B
0 u 0 n 58
0 0 0 0 56
p 0 0 0 5B
o 0 c 0 58
0 0 0 0 58
0 0 0 0 58
IIP 0 59 0 58
0 0 0 0 58
0 0 n n 58
49 c 0 0 58
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